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The Effect of Wind-Current on Rainfall.’ 





BY G. E. CURTIS, PRIVATE SIGNAL CORPS, U. 8. A 


The value of rainfall observations for the purpose of 
meteorology, climatology, and agriculture, depends 
upon the degree of approximation with which they rep- 
resent the average rainfall over a considerable area. A 
single gauge can measure only the rain actually falling 
within its circumference, but, on the assumption that 
the amount collected by the gaugo is a true measure of 
the precipitation, and that the distribution of rainfall 
is uniform, its records are taken as the average rainfall 
over the surrounding district. It is important, then, to 
know how far these conditions are realized, and_how 
nearly the assumptions are justified. he 

Asa matter of fact, the topography of the country, 
the position of the gauge with respect to buildings, and 
the direction of the wind, produce large variations in 
the amount of rainfall collected, and it is evident that 
the more localthe disturbing influence the more re- 
stricted will be the significance which we can attach to 
the rainfall observations. It is desirable, then, to in- 
stitute special comparative observations at as many 
stations as possible, for the purpose of ascertaining: 
ist, the effect of local influences: 2d, the uniformity of 
rainfall over a considerable area; and 3d, the degree 
with which the records of a given position approximate 
to the average—thus determining completely the signi- 
ficance of the observations of a single gauge, The vari- 
ation of rainfall of a gauge in any location, from the 
general average of many gauges in all positions, may 
thus be approximated, and, either a corresponding 
correction applied, or the record given a weight depen- 
dent on the value of the observations. 

As an aid tosuch investigations it is the object of this 
paper to present: ist, a brief historical summary of 
our present knowledge of the variations produced by 
wind in the collection of rain; 2d, some of the results of 
observations in different countries, showing the varia- 
tions produced by wind in the distribution of rain; 3d, 
the results of special rainfall observations made at the 
Signal Service station on the summit of Mount Wash- 
ington, New Hampshire. 

During the past fifty years the whole subject of rain 
collection has been investigated principally in connec- 
tion with the question of the variation of the amount 
of rainfall at different elevations, in explaining which 
the most widely different theories have been proposed, 

It is only within the past few years that a final conclu- 
sion has been reached and the question, apparently 
settled. In the last century (1766) it was observed by 
Doctor Heberden that rain-gauges placed on the 
ground collect, in general, a larger amount of rain than 
gauges on roofs and towers. In lack of any satisfac- 
tory explanation of this variation, Doctor Heberden 
says: “It is probable that some hitherto unknown 
property of electricity is concerned in this phenome- 
non,” Some years later, Benjamin Franklin, then in 
England, suggested that the increase of rain collected 
in gaues on the ground might be due to the augmen- 
tation of the rain drops by the condensation of mois- 
ture on their surfaces during their fall. Though this 
hypothesis was considered by Doctor Franklin himself 
to be inadequate and open to objection, it became, in 
later years, the generally accepted explanation of the 
phenomenon. The subject continued to attract occa- 
sional attention both in England and on the conti- 
nent,t but no decisive or generally accepted conclusion 
was arrived at, 

In 1832, at the suggestion of the British Association 
and with a grant of money for the purpose, systematic 
observations were undertaken. As the result. Prof. 
John Phillips, who conducted the experiments, ad- 
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vanced as an explanation thesame hypothesis that was 
suggested by Franklin in 1771, namely, “ the whole dif 
ference in the quantity of rain at different heights 
above the surface of the ground is caused by the contin- 
ual augmentation of each drop of rain from the com- 
mencement to the end of its descent, as it traverses 
successively the humid strata of air at a temperature 
so much lower than that of the surrounding medium 
as to cause the deposition of moisture upon its sur- 
face.” 

That this theory is entirely inadequate to explain the 
phenomena was shown by Sir John Herschel, who dem- 
onstrated, mathematically, that the increase of a rain- 
drop within the last few hundred feet of descent must 
be absolutely inappreciable.t 

The first step towards a true explanation, supported 
by the results of observation, was made by Prof. A. D 
Bache, of Philadelphia, in a report in 1837, tothe Brit- 
ish Association, entitled: ‘‘Note on the effect of de- 
flected currents of air on the quantity of rain collected 
by a rain-gauge,” 

Prof. Bache made the important discovery that of four 
gauges placed at the corners ot aroof, in general, the 
gauges to leeward received more rain than those to 
windward. From this discrepancy he was led to the 
nelief that the effect of eddy-winds is a fact of primary 
consideration in the whole question of rain-gauge ex- 
posure. 

No further advance of importance seems to have been 
made till 1861, when a complete theoretical explanation 
of the action of the wind in producing variations in ob- 
served rain-fall was presented by W. Stanley Jevons in 
the Philosophical Magazine. 


The importance of this memoir justifies us in making 
the following extract: 


“A stream of air, then, meeting an obstacle leaps over 
it; in so doing it is forced againstthe adjoining paralle) 
stream of air, which mustalso diverge from the straight 
direction and similarly impinge upon the next stream. 

* But the increased pressure, produced by the impact. 
causes the streams of air to move more rapidly and to 
diminish in thickness at the same time; and the dis- 
turbance of the streams of air will cease ut the point 
where the total decrease of size of the streams is equal 
to the height of the obstacle. 

“It is at least obvious that when a uniform wind 
meets an obstacle some parts of the air must move 
more rapidly, just as a river moves most rapidly in the 
narrowest parts of its channel. 

“It is quite in accordance, too, with our common ex- 
perience that an obstacle increases the velocity and 
force of the wind; thus, the wind is always most flerce 
atthe corner of a house, the end of a wall, or the sum- 
mit of a hill. 

“We have now the whole explanation of the rain ob- 
servations in question. A drop of rain in falling is in- 
fluenced at once by gravity and the motion of the air. 
It describes the diagonal of a rectangle of which the 
perpendicular side represents the falling velocity of the 
drop, and the horizontal side the velocity communicated 
by the wind. 

“ Now conceive two equal drops of rain falling into a 
current of air at points where the velocity is not the 
same. They will not pursue parallel paths. but the one 
drop will either approach to or recede from the other. 
The effect will be to increase or diminish the quantity 
of rain falling in the intermediate space. 

“To show clearly the nature of this effect we may 
imagine the stream of air M N (Fig. 1) to be suddenly 
contracted at B ( to half its previous thickness, so, that 
of course, it must there commence to move with double 
velocity. At A Dthe stream dilates to its original size, 
and of course recovers its first velocity. The course of 
of equi-distant rain drop falling into wind under such 
imaginary circumstances would be represented by the 
oblique lines, and it is obvious that less rain would 
fallin the windward part of the contracted space than 
elsewhere. 

“To represent a real shower of rain falling upon an 
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falling through a great number of strata, all varying in 
velocity and thickness.” 
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In view of the results of this memoir by Jevons the 


subsequent history of the problem, as represented by 
discussions in 
logical Magazine,” 
most remarkable instance of neglect to profit by ear- 
lier investigations. 
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In an article in “ British Rainfall” for 1966, the whole 


question is re-opened, and the reader is left at sea with 
the cheering information that * 
as to the cause of the decrease 
no longerin much uncertainty as to its amount.” 
1871, in the same publication, Rev. F. W. Stowe 
uable article, showed graphically the influence of build- 
ings in diverting rainfall during the 
non-horizontal wind currents. 
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As the result of these Mr. G. Dines pre- 
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1861, and in a re-discussion of the observations, by 
Rogers Field (sce “ Meteorological Magazine,” 1478, vol. 
xiil.), additional confirmation was given in greater 


detail. 


In the same year Symons recapitulated the discus- 


sion and published in full the article of Bache, which 
had been suffered to fall into oblivion. 
he says: 


In a summary 


“ The terribly hard-fought battle, respecting the rea- 


son that a smaller quantity of rain is collected by rain- 
gauges elevated above the surface of the ground, is 


nearly settled. for the following points seem proved: 

“The greater part of the decrease is due to wind. 

“The stronger the wind, the greater the decrease with 
elevation. 

The less the diameter of the elevated gauge, 
will it indicate. 

“ A gauge on the leeward side of atower may collect 
as much rain as one on the ground. 

“A gauge in the middle of a large roof may. notwith- 
standing its height, collect very nearly the same as one 
upon the ground.” 

In the following year. after a study of all availabie 
observations, Symons further concludes that “there is 
no evidence of any difference between the fall of rain 
at various heights from sixty feet totwo hundred and 
sixty feet above the ground.” 

The last paper, a report by Symons to the British 
Association in 1881, reviews the discussion and 
concludes by saying that all recent investigations 
only confirm the results obtained by Bache and Jevons, 
with a few additional points that could have been di- 
rectly inferred from their work. 

In the investigation of the difference in rainfall with 
elevation above the ground the inftuence of buildings 
and the action of wind-currents have thus been as- 
certained, and the best exposure of gauges to secure 
average results has been determined. 

In a résumé of the literature of this question, men- 
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vanced by Prof. Phillips and again presented by Mr. 
Dalmahoy in 1902 (Trans, Roy. Soe, Edinburgh, vol. 













































































xxiii..) in which the decrease of rainfall with elevation 
is supposed to be due to the effect of downward cur- 
rents of air that are set in motion by the falling rain- 
drops. This ingeniously elaborated hypothesis was 


| 


advanced because of the supposed inadequacy of the | 


theory of eddy winds to explain the difference that 
Phillips and Arago reported to exist in times of calm, 
as well as the difficulty that, of three gauges at three 
different levels, the lowest gauge always receives more 
rain than the middle one, and the middle gauge more 
than the upper. joth these conditions seem to 
be shown, by the later investigations above quoted, not 
to exist, and, consequently, Mr. Dalmahoy’s downward 
eurrents are not needed to account for the observed 
differences. 


Numerous contributions to this subject have also 
been made by French meteorologists, of which the 
most noteworthy since the time of Arago are those of 
E. Renou.* Inacommuniecation tothe Meteorological 
Society in 1863 he pointed out that the difference inthe 
amount of rainfall collected at different heights de- 
pends not only upon the velocity of the wind but also 
upon the size of the drops. Large drops are less easily 
defiected by wind currents than small ones, and con- 
sequently give less variation in the amount of rain col- 
lected by different gauges. 

We now come to the second and larger question, 
name'y: What variation in the distribution of rainfall 
due to wind is produced by the topography of the coun- 
try? The practical problems have already been stated, 
namely: (1) to find over what area the record of asingle 
gauge gives the average precipitation; and(2) to de- 
termine, from gauges at different stations, the precipi- 
tation, for any other locality to which the law applies, 
can be computed. Thisis practicable only for those 
countries and districts where the rainfall, being de- 
pendent on regular and constant winds, the variations 
in precipitation are progressive and uniform. 

The desirability of such determinations for southern 
India is pointed out by J. Allan Brounin “ Trevandrum 
Observations,’ vol. i., and the following problems are 
specified as desirable matters of investigation: 

ist. The law of rainfall along the coast, which di- 
minishes from Cochin to Cape Comorin; 2d, the varia- 
tion of the fall proceeding from the coast towards the 
mountains; and 3d, the variation with height on the 
Ghats with reference to coffee and other cultivation. 

With these laws determined, Mr. Broun believed the 
number of stations in the district.might be reduced to 
eight. 

Among the effects of the topography of the country 
on the distribution of rainfall the variations in moun- 
tain districts are especially noticeable, and it is to these 
we shall confine our attention. In general, the amount 
of rain increases with the elevation above sea-level up 
toa maximum plane, after which a decrease takes 
place. 8. A. Hill has shown (see “‘Zeitschrift fir Me- 
teorologie,”’ vol. xiv., 1879) that in the northwest Hima- 
layas, where the rainfall is most remarkable in amount 
and rate of variation, the observations can be repre- 
sented by the following empirical formula: 


R(amount of rain) = 1->- 1.92h — 0.40h? + 0.02h° 


in which his the relative height in units of 1,000 feet 
above an assumed plane which is itself 1,000 feet above 
sea-level. From this formula the height of maximum 
rainfall is computed to be 3,160 feet above the plane, or 
4,160 feet above sea-level. It is further shown that this 
elevation is that at which, according to the observed 
law of decrease of temperature, the southwest mon- 
soon is cooled just below its dew-point. This point 
will be that at which, in the mean, we should expect 
the maximum precipitation to take place. The results 
obtained from the empirical formula thus receives a 
theoretical and deductive confirmation. In the follow- 
ing volume of the “ Zeitschrift ” (vol. xv., 1880, p. 373,) 
Hann has collected observations from stations on the 
Arlberg, in the western Tyrol, by which the plane of 
maximum rainfall is shown tobe at a somewhat higher 
level in that region than in India. The highest station, 
at an elevation of 5,900 feet. has the maximum rainfall. 
Avery rapid diminution takes place on the leeward 
side, where the stations record only about half the 
amount of rainfall given by stations of equal altitude 
on the windward side. 

The “ Report upon the Rainfall of Barbados, ” by Gov- 
ernor Rawson, giving the results of observations from 
1847 to 1871, shows a similar variation with altitude; the 
amount of rainincreases regularly with the height of 
station exceptin a few localities where the law is 
masked by other local causes of variation. 


*Renou, E.—Sur les quantités de pluie recues par 
deux pluviometrés différant de hauteur ou de dimen- 
sions. Ann. Soe. Mét. de France vol. xi., 1863, pp. 
69-73; Sur les quantités d* pluie recueillies a deux ni- 
veaux différents; idem, vol. xiii., 1865, pp. 162-163; vol. 
XXVI1., 1879, p. 109. 

Haeghens, J.—Sur les observations pluviométriques 
faites a deux niveaux différents pendant 32 années con- 
sécutives, de 1817 a 1848, Ann. Métde France, vol. iii., 
1851, bp. 155-158. 

Goulier, C. M.—Influence de la position d’un pluvio- 
métre sur la quantitéde pluie qu’il indique. Bull, 
Inter. del’Observatoire de Paris. April, 1864. 

Vausse—Sur les quantités de pluies recues par pluvio- 
meétres a des hauteurs différentes. Ann, Soc. Mét. de 
France, xxvii., 1879, pp. 89-92. 

Maille, P, H.—Nouvelle théorie des hydrométéores, p. 
278. Paris, 1853. 

Paris, Service hydrométrique, Manuel hydrologique 
du bassin de la Seine, Paris, , 1884, 
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The explanations offered for this increase of rainfall 
with altitude above sea level have been as various and 
as ingenious as those for the decrease of rainfall on 


towers and buildings, reviewed in the first part of, this- 


paper. The first explanation offered was designed es- 
pecially to account for the rains on the Himalayas, and 
was to the effect that a certain stratum of the southwest 
monsoon contains a greater quantity of moisture than 
the other strata and therefore gives a maximum pre- 
cipitation. This hypothesis was rendered untenable 
by the actual observations of Hooker and Strachey, 
which showed a steady diminution of vapor-tension 
with increase of altitude. A discussion of these ob- 
servations by Strachey (Proceedings of the Royal So- 
clety, March, 1861,)together with a later investigation 
by Hann (“ Zeitschrift fir Meteorologie,” vol. ix., 1874,) 
who derives a formula for the decrease of vapor with 
altitude, have greatly increased our knowledge as to 
the distribution of aqueous vapor in the upper parts of 
the atmosphere. 

A second explanation was that the contact of the 
moist air with the cold surface on the ground, on 
mountain sides and hill tops, produces the increased 
precipitation. In answer to this supposition it may be 
said that only the air within a short distance of the 
ground is cooled in this manner. But, as it has been 
already shown that the lower strata of the air give no 
appreciable rainfall, this hypothesis is inadequate to 
explain the increase that must be accounted for. Other 
similarly insufficient explanations, such as that of the 
mixing of warm and cold air, have been advanced. 

The real cause is undoubtedly to be found in the cool- 
ing of air by expansion, whereby vapor-laden wind- 
currents, foreed to ascend mountains or elevated pla- 
teaus, expand against surrounding atmospheric pres- 
sure and are cooled below the dew-point. so that their 
moisture is precipitated. This principle explains the 
fact, already meationed, that the plane of maximum 
rainfall in the northwest Himalayas is that at which, 
by the law of diminishing temperature, an ascending 
current of vapor would be cooled down to the dew- 
point, whereupon precipitation must ensue. 

The preceding examples of the variations of rainfall 
on mountain slopes in India, Europe, and the West 
Indies, with the individually varying results that have 
been found, show the necessity of numerous compara- 
tive observations in all mountainous districts if we ex- 
pect to obtain any accurate knowledge of rainfall dis- 
tribution. 

The large rainfall recorded at the Signal Service sta- 
tion on the summit of Mount Washington has seemed 
particularly worthy of careful study, and special obser- 
vations have been undertaken. The first point of in- 
vestigation has been relative to the distribution of rain 
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enormous wind velocity experienced there might pro 

duce sensible inequalities, both in the gauge readings 
and in the actual rainfall, wherefore the records of a 
single gauge would not present average results for the 
whole summit. 


From September 1, 1882, to October 1,1883, comparative 
observations were made daily with four extra gauges, 
placed seventy-five feet north, south, east, and west of 
the station gauge (see map of summit, Plate I,) These 
gauges were cylindrical, fourteen inches deep, and 
surmounted by asmall receiving cup, three inches in 
diameter. 


As the observer reported that the measurement of 
snow is altogether unreliable for comparative purposes 
owing to the velocity of the wind, the observations 
used in the following discussion will be those of rain- 
fallonly. The result of this series of observations is 
givenin the following Table, I., containing the rainfall 
only during the thirteen months of observation; the 
records of each gaugeare first tabulated according to 
the direction of the wind. 


‘ 
TaBLE I.—Rainfall, excluding snow, September, 1882- 
September, 1883, inclusive on Mount Washington. 
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1.31 
15 
2.69 
8.28 
4.20 
5.13 
28.23 
1.20 


1.47 | 
18 
1.87 
6.91 
3.85 
4.02 
26.31 


51.19 





Location of extra gauges: A, 75 feet south of station 
gauge; B, 75 feet east of station gauge; C, 75 feet north 
of station gauge; D, 75 feet west of station gauge. 


This table exhibits discrepancies in the total amounts 
of rain collected in the several gauges, apparently too 
large to be attributed to errors in coilection and meas- 
urement. The first result obtained from the observa- 
tions is, then, that the precipitation varies materially 
within distances of only one or tivo hundred feet. 

The law ofthe variation is next to be sought for. By 
arranging the figures ofthe preceding table according 
to the relative location of the gauges to windward or 
leeward, as in the following table, the law of variation 
is rendered apparent. 

It will be seen that with a few exceptions, to be noted 
hereafter, the windward gauges record the least rain, 


on the summit itself, since it seemed probable that the;he central gauges somewhat more, and the leeward 
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Plate II.—The Effect of Wind uqon the Distribution of Rain on Mountain Summits. 


TaBLE II.—Showing the rainfall tn windieard and lee- 
ward gauges. 
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gauges the most of all. This result is in accordance 
with the law of variation of rainfall on the roofs of 
buildings stated, as we have seen, by Bache, in 1837. 
Unless the agreement is accidental, we may conclude, 
therefore, that the wind acts in the same way in affect- 
ing the distribution of rain on the summit of Mount 
Washington as when obstructed by buildings and 
towers. 

The action .of wind currents in producing this in- 
crease of rain to the leeward may be illustrated by the 
accompanying figure (see Plate I1.), based on the theory 
of Jevons, already stated. 

Let A, B, C, D, be the location of four gauges on the 
summit of a mountain, ( being the northern. and A the 
southern gauge, and suppose the horizontal lines to 
represent westerly wind currents. Qn reaching the 
m@untain the lines are crowded together and forced 
upward over the summit and laterally around the 
mountain sides: the figure representing only those 
forced upward. The velocity of the wind thus ob- 
structed in its course is largely increased. The course 
of equidistant raindrops falling under an increasing 
velocity of the wind will be represented by the inter- 
secting lines. On the windward side of the summit, 
near the surface of which the wind has attained its 
highest velocity, the rain is carried over and past the 
gauges there located and precipitated to the leeward, 
where the wind has regained a portion of its original 
velocity, Thus the gauge /), situated to the windward 
during west winds should receive the least rain, A and 
C a larger amount, and B the most of all. The relative 
locations of the extra gauges on Mount Washington 
correspond with the positions above given and the 
gauges should therefore present these differences. 
Turning now to the preceding table, we find for west 
w nds D =3.70, A = 4.92, C= 4.02, B = 5.13. A result agree- 
ing exactly with the requirements of the hypothesis. 
Table II. contains, however, a few apparently discord- 
ant results that must receive a separate examination. 
A portion will thus be found to be exceptions that 
prove the rule, or, rather, that show how it is modified 
by other considerations. 

ist. The rainfallin gauge )) during north winds and 
in gauge B during south winds, the former giving the 
smallest record and the latter the largest record, are 
two such exceptions. 

If now we turn to Plate I, which shows the exact loca- 
tion of the gauges, B will be seen to be one hundred 
and fifty feet nearer the central north and south line 
of the summit than )). Of wind currents, those that 
strike the mountain near the center will be deflected 


upward, while those striking the mountain nearer to 
either side will be deflected laterally and pass around 


rather than over the summit. An increased precipita- 


tion should accordingly be expected over the locus of 
the augmented wind current. Thus, with northerly and 
southerly rain bearing winds B should receive more 


in than D, and we find this to be the case. A and 0, 




















greater than those of the three inch gauges. 





being in a direct north and sonth line, conform as they 
should to the law of increase to the leeward, 

2. With an east wind, for which we have only one rain 
storm, the several gauges record almost the same 
amounts with but a few hundredths variation. This 
equable result is explained by the anemometer record, 
which registers, during this storm, a velocity of but 
about ten miles an hour, being only one-third of the 
average velocity for the month. As variations are due 
to the wind, it is evident that the smaller its velocity 
the smaller will be the variations between the readings 
of the gauges. 

sd. A single prominent exception to the principles 
above stated is found in the excessive record of gauge 
B as compared with ( during southeast winds. For the 
location of our gauges we have found with other winds 
that the rainfall increases to the leeward, yet at some 
point a maximum must be reached, beyond which a de- 
crease takes place; so for southeast winds it may be 
that the gauge (is beyond the point of maximum pre 
cipitation. The rainfall with easterly winds is, how- 
ever, so small that the difference due to the locations of 
the gauges for these winds cannot sensibly affect the 
monthly or annual directions: 

The average of the four gauges gives the following 
percentages for the amount of rain falling 
winds from different directions: 
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By far the largest part of the whole rainfall is thus 
shown to oceur with northwest winds. We should, 


therefore, expect that gauge B, which is to leeward with 


respect to northwest winds, and nearer to the center of 
the summit than A, would present the largest annual 
record of allthe four gauges, if the principles above 


stated be correct. The totals of Table I. show this to be 
the case, 


In the preceding discussion the records of the station 


gauge, having a receiving surface eight inches in diam- 


eter, have not b’en included, owing to the fact that its 
measurements were found to be uniformly much 


The total 
amount of the station gauge, covering the same periods 


as the totals of the four extra gauges given in Table I., 


was 58.70. This excess, occurring with winds from all 
directions, is to be explained by a difference in the col- 
lection arising from the difference in the sizes and pat- 
terns of the two styles of gauges, From the above 
observations, however, the portion of the variation due 
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and @, are the amounts collected by the eight inch 
and three inch gauges, respectively, and r the velocity 
of the wind in units of ten miles per hour 

The discrepancy between the measurments of the two 
gauges varies, therefore.directly as the square of the ve- 
locity of the wind, and is due to insufficient collection 
by the smaller gauge. 

By means of this formula the totals of the small gauges 
given in Table I. can now be rendered comparable with 
the total of the station gauge. 

The average velocity of the wind during rain was, as 
nearly as can be determined, about forty-five miles per 
hour. For this wind velocity the formula gives thirty 
per cent. as the factor by which the totals of the three 
inch gauges must be increased in order to corresp<« nd 
to the station record. The totals of the gauges will then 
bé A = 59.57, B = 66.55, C = 59.02, D) = 55.42, station = 58.70. 
In this system of valu..s the station record agrees with 
the law of distribution of rainfall already obtained 

The deductions from the two series of observations 
are thus, as far as they go, confirmatory of each other. 
The large difference above found, in the collection of 
rain by the two sizes of gauges does not agree with the 
observations of English and Continental meteorologists. 
After collecting all available data relative to the ques 
tion, Prof. H. Mohn. Director of the Meteorological 
Institute of Norway, made a special report tothe In- 
ternational Meteorological Congress held at Rome in 
1879, in which he says: “From the foregoing facts it is 
evident that the size of the receiving surface exerts no 
influence as long as the diameter does not sink below 
three English inches.” Whereupon the Congress re 
versed the decision, made at Vienna in 1873, by passing 
the following resolution: “The Congress thinks that 
for stations of the second and third order, a diameter of 
eight or even four inches is sufficient for the rain 
gauge.” 

This accordance, observed by Symons and Mohn, be- 
tween the records of three inch and larger gauges is 
probably due to the fact that the observations were 
made only during relatively small wind velovities, in 
general not exceeding twenty miles per hour, and the 
average of which was probably less. If this was the 
ease, Prof. Mohn's decision in no way affects our con- 
clusion that, for stations with very high winds, the 
three inch gauge gives insufficient records and that the 
deliciency varies with the square of the wind velocity. 

The results obtained from the above observations con- 
firm the statement made at the outset of this paper, and 
in illustration of which this investigation has been 
undertaken, namely, that special comparative observa 
tions are necessary if we are to have any accurate 
knowledge of the significance to be attached to rain 
gauge records, and of their value as meteorological and 
climatological data. 


EE 


Fish and Sewage. 


In arecent report from Mr. Noake, who is 
one of the Severn commissioners, there is 
found the following statement regarding the 
viability of fish in contaminated water, which 
is somewhat different from views generally 
obtaining on this subject. Mr. Noake says: 


“Tt is a remarkable fact that at the meeting 
of the Severn commissioners recently at Wor- 
cester, the report stated that the salmon di- 
sease had entirely disappeared during the late 
summer, The past season has been the long- 
est, warmest and dryest known in the country 
for many yea:s, and as the Severn was corres- 
pondingly low, it must have been more than 
usually polluted (in proportion to the small 


tothe peculiarities in the gauges can not well be sep- | (uantity of water), yet the fish disease disap- 


arated from the variation dependent on a difference of 
location, 





peared. I am also informed by fishermen that 
some sorts of fish are so well known to congre- 


During July, 1993. a series of observations was made | |gate near the mouth of sewers that anglers 


with the station gauge and a three inch gauge in which 
the latter was placed a short distance from the station 


gauge and located so as to be under, as nearly as possi- | them there. 


ble, the same influences. In this series of observations 


the differences due to location an‘l environment are as | 
far as possible eliminated, and a direct comparison of 


the two gauges in collecting rain can be secured, Table 


| 
| 


IIL. give- these observations arranged according to the | 


velocity of the wind: 


TasBie ILl.—Giring results of comparative readings | 


of eight inch and three inch gauges. 


Wind velocity 
(miles per hour) 


15 0 60 15 


Amount of rain 
Percentages 


1.75 1842-77 3.37.1.60 2.44 1.87 


above results, represents the observations with a suffi- 


3in. 8 in. 3 in. 8 in 3in. 8 in. 3 in. 8in. 
3.49 | to these creatures is a fact which ought to be 
100 105 100 122 100 152 100 196| taken into account in any further pollution of 

. |rivers act. 


The feeutne anaietiiel Sanita ateed , etieatiad unanimously accepted, that the discharging of 


| 


Gs 
ciently close approximation, — =1+.015z" in which G, 


Gs 


land others make it a rule to seek and find 
This seems to imply that diluted 
sewage is attractive to these fish, either as an 
| alterative in their diet or medicinally, or other- 
wise grateful to the piscine stomach. These 
facts, no doubt, confuse, if they do not reverse, 

| our ideas as to the destruction of fish by the 
pollution of rivers. Where chemicals or other 

| pungent refuse from manufactories are intro- 


aa ~ — |duced into our streams there can be no ques- 


tion as to their baneful efiects on fish life, but 
that the sewage of towns is not objectionable 


The argument hitherto urged, and 
sewage into our sti:eams tended to the destruc- 


tion of the fisheries would seem to be no 
longer tenable.”’ 
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The Creeping of Rails on the St. Louis 
Bridge.* 


BY J. B. JOHNSON, MEMBER OF THE ENGINEERS’ CLUB 
OF 8ST. LOUIS. 


(Read October 22, 1884.) 

There is an interesting phenomenon con- 
nected with the operating of the St. Louis 
Bridge, a satisfactory explanation of which has 
never come to the writer’s notice, and a safe 
means of preventing which has not yet been 
found. 
the action, to offer an explanation of the cause, 
and to suggest a remedy. 


The phenomenon consists in a movement of | He 


the rails, forming the track, of about a foot a 
day. This movementis always in the direction 
of the traffic. It being a double track bridge, 
the traffic over the north track is always west- 
bound, while that over the south track is 
always east-bound.t 

The creeping is confined to the bridge proper 
and to the eastern approach, which is a series 
of short girders on iron columas. The ap- 
proach is on a grade of 80 feet per mile and is 
2,500 feet long. The tracks are crowning over 
the bridge, which is 1,600 feet long, the grade 
at the centre being 5 feet higher than at the 
abutments. 


The amount of the creeping is greatest on } os 


the approach, being for the year, Sept. 1, 1883, | 
to Sept. 1, 1884, in the ratio of 162 to 100. The 
ratio of the corresponding distances is ap- 
proximately 156 to 100. 

Various methods have been employed to hold 
the rails in place, but never with success. Steel 
spikes, bolts, straps and splice bars have been 
sheared off and torn asunder; frogs, crossings 
and connecting tracks in East St. Louis pulled 
out of line, and the rails themselves so buckled 
and twisted that when one was removed it 
could not have been replaced again by eight 
inches. Finally it was no longer considered 
profitable to try to hold them, for if they 


should succeed in holding them to the struc- | M 


ture then these great strains would come 


upon it, and this would be more objectionable | : 


than to leave them free to move and correct it 
constantly by cutting out and replacing. 

There is no creeping in the tunnel, though 
the traffic remains ina single direction, as the 
double track extends through to the Union 
depot. 

Provision is now made for this movement at 
three points on each track, viz.: at the en- 
trance upon the east approach, at the east 
abutment, and at the west abutment. On the 
north track, since the rails go west, openings 
are constantly enlarging at the approach and 
closing at the west abutment. On the south 
track the rails go east, so the openings are en- 
larging at the west abutment and closing at 
the approach, Where the openings are en- 
larging, short pieces of rail are taken out and 
longer ones put in their place, and where they 
are closing up, longer ones are removed and 
shorter ones inserted. This has to be done 
many times a day at each point where the rails 
are cut. On account of the switches located 
at the east abutment, it is necessary to have 
cut sections each side of these, making four 
places on each rail where this movement has 
been provided for. Every second day the 
foreman in charge of the day squad measures 
the movement that has occurred, on both ap- 
proach and bridge, and keeps a eareful record 
of the same. The monthly movements are 
copied into the reports and are on file in the 
offices of Mr. Wuerpel, the Superintendent of 
Structure, and of Col. C. Shaler Smith, the en- 
gineer of the bridge company. In these 
monthly reports, the movement of a given rail 


* From Journal of the Association of Engineering So- 
cieties, Nov, 1884. 

This is sometimes reversed to overeome atendency 
the arches have to take on a distorted shape, in which 
the crown of the curve is moved away from the centre 
in the direction of the traffic. 


The object of this paper is to describe | ~ 
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TABLE I. 


MOVEMENT OF RAILS ON THE ST. 


Approach (2,500 ft.). 


8. track. 
(East.) 


N. track. 
(West.) 


MonrTH, 


8. rafl. |N. rail.'S. rail, 


In. 
388 


\N, rail. 
1883 
September. .......... 
October 
November......-. ... 390 
408 | 
January 


February 


403 
March ...-. 


400 
407 

413 | 
420 | 
416 | 406 
447 446 


411 
409 
421 


In. | 
4976 | 
Ft. 

415 


In. 

4962 | 
Ft. 
414 


In. 
4806 | 4867 

Ft. 

401 | 


No. engines east 
No. engines west. 
NO, freight cars east— 
unloaded. 


No. freight cars east— 
loaded 
No. passenger cars cast, | 


Pp 
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1883 
September. ..---- 
October 


2.071 
1,950 | 
2,146 
2,104 


6,834 
3,732 | 
6,516 | 
5,849 


S238 
2328 


8,927 | 
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2,245 
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1,990 
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2,148 
2,138 
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August . 5,797 | 


Total for year.- 25,118 | 25,118 70,853 | 75,903 | 58,633 





on the approach is added to its movement on 
the bridge, thus showing the work done in 
splicing on thatrail; but these amounts must 
be separated again for any discussion of these 
movements. In Table I. the amounts were 
copied directly from the foremen’s note books, 
and the true movements kept distinct. 

Table II. is compiled from the records on 
file in the offices of the Manager and Superin- 
tendent of the bridge. The tonnage has been 
computed by allowing 80,000 lbs. as the weight 
of an engine, 55,000 lbs. as the weight of a 
loaded car, 18,000 lbs. as the weight of an 
empty freight car (they are largely coal cars), 
and 40,000 lbs. as the weight of a passenger 
car with its orcinary load. The engine weight 
was furnished by the Master Mechanic and 
the other values are the estimates of the 
officials of the company. From the total 
movement for the year, Table I., we have the 
following relations: 

The ratios of the movement on the approach 
to that of the same rail on the bridge are 
respectively: 1.49, 1.54, 1.72 and 1.73, or an 
average of 1.62. The ratio of the correspond- 
ing lengths of tracks is 1.56. The mean west- 
ward movement for the year on the approach 
(up a grade of 80 ft. per mile) was 401 feet. 

The corresponding eastern movement (down 
the same grade) was 414 feet. 

The mean westward movement on the 
bridge was 264 feet. 

The mean eastern movement on the bridge 
was 240 feet. 

The western movement on the bridge was 
110 per. cent. of the eastern movement, while 
on the approach the westward (up grade) 


| Ratio: 

Mean 
north 
track 


| Mean | 
south 
track 
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Ratio: 
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north 
track 
Mean 
south 
track 


8. track, 
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N. track. | 
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it we | 


rail. | N. rail 
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In. 
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228 
224 
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234 
242 
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1.10 
1.02 
1.20 
1.14 


1.15 
111 
1.01 

“09 
1.14 
1.05 
1.12 
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TABLE II. 
TRAFFIC OVER THE ST, LOUIS BRIDGE 


FOR ONE YEAR. 
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West tonnage. 
East tonnage. 
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oaded. 
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o. freight cars west— 
loaded. 


No. frei 
Total tonnage east. 
Total tonnage west. 
Ratio— 
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9,104 
| 6,615 
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97,474 


| 69,011 


| 43,345 


mcvement, was only 97 per cent. of the east- 
ern movement, or a difference in these west 
to east ratios ef 13 per cent., which is doubt- 
less due to the effect of the heavy grade 8n 
the approach, the expansion and contraction 
from temperature causing mostly a down- 
grade movement. 

From Table II. we see that the ratio of the 
westward to eastward tonnage for the year was 
1.099, while from Table I. we see that the ratio 
of the mean westward rail movement to mean 
eastward movement was also 1.099. This ex- 
treme coincidence is of course accidental, but 
if these percentages be compared month by 
month, it will be seen there is a common law 
pervading both. Here on the bridge this ratio 
is not affected by the grade, for it is symmetri- 
cal with reference to the two movements. 
This identity in the ratio of the movements 
with the ratio of the tonnage west and east 
would of itself lead us to conclude that the 
movement is proportional to the tonnage. On 
the other hand, we see that the ratio of move- 
ment on approach to that on the bridge is 1.62, 
while the corresponding ratio of the distances 
is about 1.56. From this we might infer that 
the movement is proportional to the length of 
structure. The increased movement on the 
approach may arise, however, from more 
favorable conditions there for movement, and 
the close agreement in the ratio of the move- 
ments on approach and bridge, with that of 
their distances be purely accidental. Conclu- 
sive evidence on this point wil¥appear below, 

The St. Louis bridge is not alone in this 
matter of rail movement. The Pennsylvania 
Company had trouble on their Harrisburg 
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bridge over the Susquehanna, while it was 
stiJl a single track. The traffic was heavier, 
however, going east, and the rails crept in 
this direction. The exact amount of the 
creeping was never known, but the fact of 
creeping was shown by the displacement of 
the curves at each end of the bridge, as much 
as four feet of track being removed from one 
end of the bridge and replaced at the other at 
one time. The movement was stopped by the 
use of a splice such as is shown in fig. 1. * 

The splice is an angle bar which projects 
over the flange of the rail at bottom and rests 
on the tie. Four spikes are notched into the 
bottom flanges of a set of splice bars, and 
there are sufficient to keep the rail in place 
even now, with the bridge changed to double 
track and the traffic all in one direction on 
each track. The cause of the efficiency of 
this device will be referred to in discussing 
remedies. 

Rails are always observed to creep on heavy 
grades, but this is probably mostly due to the 
expansion and contraction from temperature, 
and is no function of the direction or amount 
of the traffic. In both expansion and contrac- 
tion there must be a movement on the ties, 
and this movement will always be in the di- 
rection of the least resistance. On heavy 
grades of considerable length, the least re- 
sistance will be toward the foot of the grade, 
and there will be a general movement in this 
direction. On any line of road, where the 
traffic is all in one direction, there is always 
observed a tendency toward creeping, all along 
the line, in the direction of the traffic. The 
amount of such creeping is usually small and 
can generally be resisted. 

An analagous action is the creeping of 
bridges on their supports. A study of this 
very plain case is likely to throw considerable 
light on the creeping of rails. 

If a bridge have its two ends similarly 
mounted, whether both on rollers, or both on 
slides, when a train comes upon it from the 
right, this end is at once pinned fast by the 
weight of the train, and as the train moves 
over the bridge it causes a certain amount of 
deflection in the truss. This deflection 
lengthens the bottom chord and shortens the 
top one, so that if the truss is supported at 
the bottom chord, the left end moves to the 
left, but if it is supported at its top chord. as 
deck bridges sometimes are, the left end will 
move to the right. I have observed this 
movement when it amounted to as much as 
three-fourths of aninch. As the train goes off 
the truss recovers its normal position, the 
lower chord shortens up and the upper one 
lengthens out, but now the left end is pinned 
fast by the departing train while the right end 
is freeto move. The recover will take place 
at this end, therefore, so that if supported at 
the bottom chord the truss is pulled forward, 
and if supported at the top chord it will be 
moved backward by an amount equal to the 
distortion of the corresponding chord. If it is 
a single track bridge, with traffic equal in 
both directions, its movements will com- 
pe.sate, and so will not crawl off the piers. 
If the traffic is unequal. the truss will move in 
the direction of the heavier traffic when sup- 
ported at bottom, and against the heavy 
traffic when supported at top. If one end is 
on rollers and the other anchored fast to the 
pier, then, of course, the movement all occurs 
at the roller end, regardless of the direction of 
the train. I have understood that the Louis- 
ville bridge moved north from this cause by 
some six inches, when it was found necessary 
to anchor oneend fast tothe pier. All bridges 
will act in this manner when both ends are 
treated alike, whatever that may be. 

Causes Assigned for the Creeping of Rails on the 
. Louis Bridge. 

Many causes have been assigned for the 

cree of rails on the St. Louis bridge. I 


* For this Fig. ; ‘ 2 
n thie Wis, Fig. 1 see Pig 39 in the article on “ Traék 


comes upon the rear half of the arch; second, 
a backward movement, as the train comes 
of these assigned causes are the result of no| upon the second half of the arch, due to the 
study of the facts in the case, and like most/arch settling back to its normal position; 
imaginary causes of hypothecated phenomena, third, no movement under the train itself at 
they are either not pertinent or not sufficient | the forward pier. After many days observa- 
to the case in hand. tions, I have been unable to detect any such 
1. That it is due to the grades. But the/action. On the contrary, the movement all 
creeping is nearly as much up grade as it is} seems to occur during the passage of the train. 
down. 6. That it is due to the pening of the rail. 
2. That it is due to the stopping of trains on} As the wheels roll along over the rail, each 
a down grade. This at first appears plausi-j one flattens out, or pens the rail somewhat, 
ble, for the trains generally are stopped on a|immediately under the wheel. Most of 
down grade going west at the west abutments, | this effect is a temporary distortion, the rail 
which would apparently pull the rail in the | recovering its normal shape after the load has 
same direction, and this is what is observed to | passed off; but a small part of it is permanent, 
occur. But these rails are continuous only|sothatan old rail is somewhat longer than 
over the bridge, being cut at the east abut-| when it was first laid. This permanent effect 
ment, and trains do not stop going west on|/is proportional to the tonnage and to the 
reaching the east abutment; therefore this} length of the track, but for the 1600 feet over 
cause does not explain the westward creeping, | the St. Louis bridge the permanent increase of 
on a stiff up grade, of the north track on the} length of one track would not certainly be 
approach. The creeping on the approach| more thana few inches for one year, whereas 
being greater than that on the bridge, and | the movement is 260 feet. The creeping from 
wholly unaccounted for on this hypothesis, it | the temporary distortion, or pening, would be 
must be rejected. much greater. This is best conceived by think- 
3. That it is caused by the tapping or pound-| ing of a heavy roller moving over a strip of 
ing of the wheels against the rear ends of the|india rubber. The spreading of the rubber 
rails, thus driving them forward. If this be} under the wheel is lengthwise as wellas side- 
true, it should be the same in the tunnel, or on | wise, and so far as it is lengthwise, by so much 
any ground track, as on the bridge. Again, it} will the rubber strip move forward. This 
would appear comparatively easy to resist this | effect is also proportional to both tonnage and 
action by proper holdings, whereas the ten-| distance. It would also be greater fora rail 
dency found to exist is almost irresistible. | supported in a continuous stringer than for a 
Besides, with the modern splice, the rails are|rail laid on ties. It would be impossible to 
held so nearly at the same elevation, and so| accurately compute this effect, but I think it 
close together, that it is difficult to see how} must be very small. 
very much of a blow could be given by the} The last three causes, 4,5 and 6, are those 
wheel. a assigned by Col. Shaler Smith, the engineer in 
4. That it is due to the deflection of the|chargeof the bridge. They are all good so 
bridge itself by the train load. This is also a| far as they go, but their combined effect does 
plausible theory, inasmuch as the track is }2Ot seem sufficient to account for the great 
crowning over the bridge, sc that when the|™movements we find on the bridge, and only 
middle arch is compressed and lowered by | the last one can be applied to the approach. 
the train load, the rail must be shoved| A strong objection to all the causes of move- 
ahead a little, since the rear end must be held | ment assigned above, is that they involve the 
fast by the weight of the train. I am in-| actual slipping of the rails upon the ties, this 
clined to believe this cause is good so far as| Slipping occurring with the first three assigned 
it gces, but thatit does not go near far enough. | causes while the train load is on, and in the 
For, the track is crowning, in a single curve, | Other two causes occurring ahead of the train. 
over the three arches, rising five feet in a dis- | It is quite impossible that the rail should slip 
tance of 1,600 feet. If now the middle arch is|0n the ties, when the train load is on. For 
depressed so as to bring the track horizontal |instance, in a train of twenty loaded cars, 
over this arch, it would cause a flattening of | Weighing 55,000 Ibs. each, with a sixty-ton en- 
but one foot in the track, and this flattened | gine, we have 610 tons of load on the rails. If 
track would be shorter than the normal curve | the coefficient of friction between iron and 
by only four one-thousandths of a foot. The | Wood be taken as 50 per cent., we would have 
grade being straight over the end arches, any | 4 resistance to slipping of 305 tons, or 305,000 
deflection of these would cause the track to| lbs. foreach rail. If we allow a strength of 
sag, and so pull back on the rails from in | 50,000 Ibs. per square inch for iron, rails of six 
front. The actual movement for one train is | $4- in. in cross-section would be torn asunder 
often as much as half an inch, or 40 one-thou- | before these rails could be made to slip on the 
sandths ofa foot. This cause does, therefore, | ties. (This cross-section is that of a 60 Ib. rail.) 
not go far enough. Besides, it fails to account | This is also the measure of the force necessary 
for any movement on the approach. Again, | to keep the rail from moving, which seeming 
if this were the cause,the foward movement | Paradox will be understood when the chief 
noted for any train should be observed to take | Cause of movement is explained. 
place ahead of the train, whereas, when we 
closely observe the action, it is found to occur 
only during the passage of the train. 


5. That it is due on the bridge to the distor- 
tion of the arch. When the train load comes 
upon the arch from one side, this haunch is 
flattened somewhat and the forward haunch is 
lifted, resulting in a forward movement of the 
crown of the arch. When the train goes off 
the flattening is on the forward side, resulting 
ina backward motion of the crown, but now 
the rail is pinned fast at the forward end of 
the arch, so that the arch would slip backward 
under the rail, and then, as it rights itself 
again, when the train has passed, it pulls the 
rail forward with it. If this were the explana- 
tion, which would not apply to the approach 
at all, then, the following actions should be 
observed at the pier, or abutment, at the for- 
ward end of the arch in question: First, a 
forward movement of the frail as the train 


will enumerate some of these, with what I con- 
ceive to be the objections in each case. Some 
































































































































The True Cause of Creeping. 


The true cause, as the writer conceives it, of 
the creeping of rails due to traffic upon them, 
has not come to his notice, though he has no 
doubt but it has often been similarly explained. 
The explanation is very satisfactory when 
once examined, and carries conviction with it, 
but it seems to have been generally over- 
looked. 

One will be the more ready to accept the ex- 
planation at out to be offered, if the phenomenon 
itself be first fully described. The method of 
observation was as follows: Mark with a lead- 
pencila continuous line from the lower flange 
of the rail, over the head of a spike, at right 
angles tothe rail, When_a train passes, ob- 
serve two things, the wave motion of the rail 
and the increments of forward movement every 
time a wave passes and therail is again pressed 
down upon the ties. It was found that, between 
the tracks of each car, the rail lifts itself free 
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from the ties, raising a quarter of an inch or| of the structure, and to the amount of the de-|that the crowding action accumulated for a 


so, and when the rear truck comes along and; flection. 
presses the rail down at the marked sections, | ever, its additional effect will be constant, and 


it has moved forward a little. There is a 
small wave in front of the engine, and a corres- 
ponding movement, but apparently no greater 
then underany single car. The wave under 
the car is higher, not from the heavier loads 
on trucks, but from there being a load both be- 
fore and behind, each of which tends to lift the 
rail between. This upward curving of the rail 
is due to the elasticity of the supports. On 
the bridge, the rail rests on blocks of gum 
wood, 5} inches thick, which are held between 
12 inch channel bars, as is shown in Fig. 2. 

These pillow blocks are 17 inches long, with 
alternating spaces of 19 inches. The elastic 
action of these blocks gives the rail a wave 
motion independent of the deflection of the chan- 
nels, 

On the approach, the rail rests on a two-inch 
oak plank, laid longitudinally, this plank rest- 
ing on cross-ties, 8 inches wide, with spaces of 
10 inches. 

On both bridge and approach, the rails are 
left free to move, being held together by the 


= 


Sa:npson splice bar, being a plain bar with- 
out flanges. 

The pertinent facts then are, that there is a 
wave motion of the rail, independent of its 
supports, such a wave occurring under each 
car and moving with it, giving a slight forward 
motion to the rail every time a given section is 
brought down upon the support. Evidently 
the total movement for one train varies with 
the weight and number of cars in the train, or 
with the tonnage of the train. 

When the manner of the action is explained, 
the cause follows very naturally. The rail is 
held fast on the ties on its ertended side. 
This causes the rail to measure its length 
across the bridge on its extended flange. If 
but one wave of this sort passes over the 
bridge, the effect is cumulative, and the move- 
ment increases with the length of the bridge. 
If a series of waves pass, the effect of all waves 
after the first is a constant quantity. A de- 
tailed explanation may be given by the aid of 
Fig. 3. 

For simplicity, let the depression be caused 
by asingle wheel at P, moving toward p. 
Let pp’ be a vertical section parallel to PP’. 
Onaccount of the deflection of the rail, the 
normal section at »’ is oo’, the lower fibres 
being extended from P’p' fora horizontal po- 
sition to P’o’ for the deflected condition. In 
other words, the point 0’ has moved forward 
from p’ as a result of the fdefléction, the point 
P' being fixed by being held fast to the support 
by the load. Asthe load moves toward p the 

depressed portion of the wave moves with it, 
and when the load reaches p ‘the normal sec- 
tion 00’ has come to coincide with the vertical 
section pp’ by revolving about o' as the fixed point. 

The secret of the whole matter is, that the 
rail rolls itself across the bridge on its outer, 
or extended side, and by as much as this is 

longer than the neutral axis, by so much it 
will creep for a single wave passing. -This 
amount is directly proportional to the length 


If another wave follows this, how- 


| —_~ 


| 


| 


will not increase with the length of the struc- 
ture; in other words, this and all succeeding 
wave effects of the series will be directly pro- 
portional to the deflection alone. The total 
train effect will therefore be proportional to 
the weight and number of cars passing—in 
other words, to the tonnage of the train. This 
has been seen to be true on the bridge. On 
the approach the effect of the grade comes in 
to modify this ratio. 

From the above reasoning it is evident that 
if the rail were supported at a point above 
the neutral axis, as under the head, for in- 
stance, there would be a tendency to creep 
backwards, or against the direction of the 
traffic, from the compression of this upper 
side. There wouldstill be a forward tendency, 
however, due to the wave motion of the rail, 
inasmuch as the neutral line of the rail, when 
thrown into waves, is longer than the corres- 
ponding linear Uistance. If the rail be sup- 
ported from the upper surface, as has been 
done in the model to be exhibited, then the 
backward motion due to the compression of 
the upper flange would more than counter- 
balance the forward motion due to the waves 
in the neutral axis, and the rail would actually 
move backward. 

If these opposite actions can be shown to 
occur, as here described, then there is evi- 
dently a point of suspension somewhere be- 
tween the neutral axis and the upper surface, 
from which, if the rail be suspended, there will 
be no tendency to move either forward or back- 
ward. 

Some English rails are supported from the 
lower side of the upper flange, or head, and it 
is said their tendency to move forward is much 
less than that of the American rail. 

It may be objected to this theory that this 
action obtains on the ground as well as on 
bridges and trestles, True, it does; and there 
isalso astrong tendency to creep on the ground, 
but not so strong but it can be resisted.. This 
is on account of the yielding nature of the soil 
and ballast. If the ties were fastened as 
rigidly to the ground as they are to bridges, 
and if the wave motion were as great, the ten- 
dency to move in the direction of a continuous 
traffic would be quite as great. 

It is evident that it is not the absolute de- 
flection of the rail that is significant, but the 
wave motion of the rail independent of the 
motion of the supporting track system. Ifthe 
rails were fastened down snug upon the 
stringers, so that they deflected with them 
strictly, the rail would have no tendency to 
crawl upon the stringer. Inthe case of the 
Pennsylvania bridge, at Harrisburg, the splice 
bars fit snug under the head and rest on the 
ties, so supporting the rails, at the ends at 
at least, above the neutral axis. Each set of 
splice bars is also held in place by four spikes, 
making four spikes to each rail that would 
have to be sheared off in order to move the 
rail. The rail would evidently slip on the ties, 
with its load on, before it woulddothis. When 
the attempts were made to hold the rails on 
the St. Louis bridge, the holdings were con- 
centrated at isolated points on the line, so| 


considerable distance, and the holdings gave 
way before this longer reach of rail would slip 
onthe supports with the loads on. If each 
rail were held independently, as is done on the 
Harrisburg bridge,the creeping could probably 
be stopped on both the bridge and approach, but 
itis feared this would bring too great astrain on 
the truss members. The solution offered 
above, of supporting the rail under its head, 
would be a more satisfactory method of treat- 
ment, inasmuch as it would utterly destroy 
the tendency to move, and hence there would 
need be no strains introduced by spiking it 
fast. The time of eight men is now mostly oc- 
cupied (five by day and three at night) in cor- 
recting the movement, as it occurs in the St. 
Louis bridge, but it is claimed this is no ex- 
pense to the company, as they would have to 
keep so many trackmen in employment any- 
way, and they might as well be kept busy. It 
would seem, however, that a considerable por- 
tion of this expense could be avoided by wholly 
stopping therail movement. The only way of 
doing this without straining the structure is by 
destroying its tendency to move, and this can 
only be done by supporting the rail above the 
neutral axis, or in such amanner as to destroy 
its independent wave motion. 

From the above explanations, one can under- 
stand the seeming paradox, that the rails 
creep a foot a day, and yet do not slip on the 
ties. And further, that to hold them in posi- 
tion when supported on the bottom, they 
must be made to slip on the ties when the load 
is on, and the force necessary to cause them 
to do this is the measure of the force required 
to hold them in place. 

In the foie parc of this paper the striking co- 
incidence of relative movements and relative 
lengths track on bridge and approach was 
noted, but not explained. Two possible 
causes were suggested, and, in fact, both are 
found to act. Of the many waves formed in 
in the rail by the passage of a train, only the 
small wave in front of the engine is cumulative 
in its effect, or has its effect of translation di- 
rectly proportional to the distance traversed. 
The others all have a constant effect. This 
would, therefore, have little infiuence, and if 
this cause acted alone, the movement ought to 
be about the same on bridge and approach, 
regardless of their relative lengths. The 
other cause, viz., more favorable conditions 
for movement on the approach is more effec- 
tive, inasmuch as here the rail rests directly 
on a continuous stringer laid on top of the ties 
while on the bridge it rests on isolated blocks, 
with interviewing spaces of 19 inches each. 

In the case of the stringer there is no giving 
in the suppports, in a longitudinal direction, 
for it is pinned fast at intervals, and is a con- 
tinuous member. In the case of the blocks, 
they doubtless do yield slightly in a longitud- 
inal direction, even under the load, and then 
recover again, as the rail lifts from between 
the depressed portions of the track. The rail 
does not, therefore, move so much forward on 


/account of a sort of backward rocking of the 


blocks. This same condition of freedom to 
rock back and forth a few hundredths of an 
inch obtains on all land-track systems, and so 
the movement of the rail is easily resisted. 
In the tunnel the rail is laid on a stringer also 
but it is so large as not to deflect appreciably, 
and as the rail is spiked close to this stringer, 
it can have no independent wave motion, and 
so has no tendency to creep. 


(Note.—On the occasion of the reading of this paper 
before the St Louis Engrs. Club, a working mode! was 
exhibited which furnished an ocular demonstration of 
the theory herein advanced fur the cause of the creep- 
ing of rails. A circular track composed of a wooden 
rail 1 inch deep by *% inch wide, made of hickory, rested 
on 16 radial ties which were supported at the outer 
ends by springs of coiled wire. ‘Thesé outer ends were 
held rigidly against any lateral motion, but were free 
to move vertically. The rail was not fastened to these 
ties but simply held in guides that kept it in place, con- 
centrically, it being free to take on an independent 
wave motion,and to move longitudinally around the cir 
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cle. On this track a car was made to run. The car con- 
sisted of a plank forming a diameter to the circle, with 
a wheel ateachend. A vertical axis at the centre held 
this plank in position while it was free to revolve hori- 
gontally. This plank was then loaded with some four 
hundred pounds, and made to move around on the 
track. The track was thrown into two great waves, 


being depressed about an inch below its normal posi- | 


tion under the wheels, and raised about the same 
amount above the ties on the other quadrants. 


motion of the car. so that when the car had completed 


three revolutions the track had moved one inch. This | 
was the case in whichever direction the car was | 


moved. 

Thus far the experiment had only proved what has 
already been observed on the bridge. Inorder to show 
that our explanation was the correct one, it became 
necessary fo suspend the rail from the upper side. to 
see ifthe rail would then move against the motin of 


the car. This was done by screwing iron plates to the | 
top of the rail, allowing them to project over the sides | 
and then supporting these on blocks. The rail was | 


now hung from its uppersurface, and, according to the 


theory herein advanced, it ought to move backwards. | 
This it was observed to do, whatever the motion of the car. | 


The amount of the backward motion when supported 


on the bottom, as indeed, it was not expected to be, on 


account of there being a forward tendency in both 
cases, of an amount equal to the excess in length of the 
contorted neutral axis over its projection on the hori- 
zontal plane. The compression of the upper fibres 
being more than the excess in length of the contorted 
neutral axis overits projection, the rail moves back- 
ward by this much. 
where above the neutral axis, whose compression 
would just equal the above neutra! axis excess, there 
the rail would have no tendency to move in either di- 
rection. 


— 


OUR MATHEMATICAL COLUMN. 


PLATO maintained that those who did not understand 
the one hundredth and seventeenth proposition of the 
thirteenth book of Euclid’s Elements ought notto be 
ranked among reasonable creatures. The thirteenth 
book of Euclidis unfortunately lost, so that we are un- 


able to appreciate the exact force of Plato’s criterion, | 


yet it is generally thought to have been a severe and un- 
just one. Many acontractor who does not understand 


the first proposition of the first book can reason well | 


enough to make good profits out of his jobs. Neverthe- 
less the contractor would reason better if he knew a 
little geometry. 

THE ALMANAC for January, 1855, contains nothing of 
striking interest. There are two full moons, one on the 
ist, andthe other on the 30th. On the last day of the 
month the sun rises about twelve minutes earlier and 


sets about thirty minutes later than on the first day, and | 


cold begins to! 
strengthen. Mercury and Venus may be seen in the | 


as the days begin to lengthen the 
east before sunrise and the former attains its greatest 
brightness on the 26th. Mars, Jupiter, and Saturn may 
be seen in the west after sunset. There are no eclipses. 


The almanac says nothing about earthquakes, but signs | 


indicate that they are liable to come. The dominical 
letter forthe year is D, the epact is 14, and the golden 
number is 5. About the end of the month a decided im- 
provement in business is expected. 


Henry A. JONES explains a new method of abridged 


division in his little work, recently published, entitled 
“An aid to numerical calculation.” It consists in di- 


viding the given number by a convenient divisor slightly | 


larger than the real divisor, then multiplying the quo- 
tient by the difference between the two divisors and 
adding the product to the first remainder. For exam- 
ple, let ithe required to divide 3845 by 7832. Select 80 
as the convenient divisor, then 80 into 3845 gives 48 
quotient and 5 remainder, and to this remainder is to 
be added 48 times 144, or 72. The required answer is 
therefore 48 quotient and 77 remainder. In cases where 
the remainder is larger than the given divisor, such re- 
mainder must be treated as a new dividend, and the 
process be continued. For instance to divide 176944 by 
9%; selecting 10 as the convenient divisor, we have 176 
quotient and 944 remainder, to this remainder add 176 
times or 44, giving 5334; consider now 5334 as a new 
dividend and divide it by 10, thus finding 5 quotient and 
34a remainder, to 33 add 5 times % or 1%, which gives 
4% as the final remainder; the sum of the two quotients 
176 and 5 is 181, and hence the final result is 181 quotient 
and 4% remainder. The process is curious, and for pur- 
poses of mental calculation will often prove useful in 
the division of fractional numbers. Nearly all practical 
computations, however, require the quotient to be car- 
ried out to several places of decimals and do not allow 
that a remainder should be left over. 

THE CENSUS reports show that a large number of the 
people of the United States either do not know their 
own ages or give false answers in stating the same. 
For instance the census of 1880 shows that there are 
460,000 people of age 39, 920,000 of age 40, and 320,000 of 
age 41. Here evidently a large number have stated 
their age as forty who are either older or younger. If 
the law of mortality were known it would be possible 


The | 
rail was found to move rapidly in the direction of the 


If the fibre could be found, some- | 
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| to write an equation giving the number of people y who 
are aged « years in terms of the total population P. The 
law, however, can only be obtained from statistics, and 
as these are defective the investigation is a complex 
one. Dr. H. E. Licks, who has spent some time in dis- 
cussing this important subject, has deduced an empiri- 
cal formula, and has sent us a table comparing the com- 
puted number of people at each age in 1880 with the 
number as stated by the census. The following ex- 
tract from the table shows the irregularity of the actual 
returns as well as some indication of the number who 

give erroneous statements. The first column gives the 
lage, the second the enumerated number of that age, 

the third the computed number, and the fourth the 
| difference between calculation and observation. The 
| numbers are given to the nearest ten thousand only. It 





| 


Age. Enumerated. | Computed. Difference. 
30 1,009,000 799,000 -+ 300,000 
j 32 490,000 770,000 — 180,000 
3] 650,000 750,000 — 100,000 
| 3 680,000 730,000 — 150,000 
| 3 550,00 700,000 — 150,000 
35 870,00 680,000 + 190,100 
36 580,000 666,000 80,000 
37 500,000 640,000 — 140,000 
3R 490,000 620,000 — 130,000 
| 39 460,000 600,000 — 140,000 
| 40 920,000 580,000 340,000 


= Pad 7 ores 
— a = 
| will thus be seen that about 180,000 persons of age 51 
failed to give correct answers to the census enumera- 
}tors. From his entire table Dr. Licks finds that the 
;}sum of all the negative differences is 3,720,000, and 
hence concludes that at least that number of people out 
of the entire population of 50,160,000 erroneously stated 
their ages. In ,other,words at least seven or eight per 
centj of definite statements of age are in error by one 
or more years. 

To REDUCE stadia or telemeter readings when the 
line of sight 
generally employed. 
tables the reading may be reduced,to the horizontal by 
multiplying it by the square of the cosine of the inclina- 
tion. To prove this, suppose the rod to be held per- 
pendicular to the line of sight; then the horizontal dis- 


tance would evidently be equal to the product of the | 


reading by the cosine of the angle of inclination. But 
jas the rod is always held vertical, the actual reading 
is greater than that just supposed in the same ratio.as 
the secant of the inclination to unity. \Therefore the 
jactual reading isto be multiplied twice by the cosine, 
or, what, is the same thing, bygthe square of the cosine, 
in order to obtain the reduced horizontal distance. The 
correction to be applied to make the distance count 
rom the center of the instrument instead of from,the 
point in front of the object glass, is usually small, and 
should be added separately if at all. 

PROBLEMS are very useful in exciting the interest of 
the young and in educating them to think rapidly and 
exactly. In this column a few will be occasionally pro- 
posed to which the answers with outlines of the solu- 
tions will be subsequently given. Simple questions 
from text-books will not be admitted, and useless per- 
plexing problems, like that which asks the profit made 
by a,contractor who sold a horse for ninety dollars, 
bought it back fer seventy-five and sold it again for 
| eighty, will not be allowed to puzzle our readers. For 
| this month there are proposed the three following:— 
1. The perimeter of a triangle is 24 feet, the radius of 
| the inscribed circle 2 feet, and the radius of the cireum- 
scribed circle 5 feet. What are the three sides ? 

2. A clean cast iron pipe 2 inches in diameter and 
1,200 feet long delivers water from a reservoir under a 

head of 230 feet. What is the horse power of the issu- 
ing stream ? 





3. Prove that most economical depth of a bridge truss | 


with parallel chords is that for which the quantity of 
material in the chords is approximately equal to the 
quality of material in the webbing* 

Correspondents who forward us solutions of these 
problems are requested to note that it will be best to 
state them with as little algebra as possible. Probably 
algebra will be required for working out each of the 
above problems, but it will not be necessary to write it 
down in full in order to explain the principles and 
method of solution. Algebra is merely a tool by which 
the operations of the mind are rendered quick and ef- 
fective, and would not be needed at all if our reason- 
ing abilities were more powerful. A very satisfactory 
statement of the solution of a problem may often be 
made without the use of any symbols save those of 
arithmetic. 


cc 


E. B. Winaate, late Chief Engineer of the 
Indianapolis Union Railway, has been ap- 
pointed Assistant Engineer of the Government 
of Guatemala, South America, at a salary of 
$6,000 per year, with expenses from this coun- 
try to Guatemala paid. Mr. Wine@ate will 
leave for his new field about the middle of 
next month. 


is inclined. to the horizontal, tables are | 
In the absence of such, reduction | 


~ 


PERSONAL. 


JosePH K. CHOATE was appointed General 
Superintendent of the Nevada Central R. R., 
on Dee. 15. Headquarters at Battle Mountain, 
Nevada. He succeeds F. W. Dunn, resigned. 


C. 8S. Francktyn, of New York, was elected 
president of the Hartford & Harlem R. R., on 
Dec. 27. Only about half a dozen people at- 
tended the annual meeting held in New Haven 
on the above date. 


Coun R. Wise. Chief Engineer and Supt. of 
Construction of the Brunswick & Western R. 
R., is also appointed Assistant io the General 
Manager, with headquarters at Brunswick, 
Ga. 


SYLVESTER MARSH, the inventor, projector and 
| President of the Mount Washington Railway, 
died in Coneord, N. H. on Dee. 30, aged 81 
| years. 


WiiuiaM Lorenz, late Chief Engineer of the 
Phila. & Reading R. R. Co., died of heart 
disease at his residence at Chestnut Hill, Phila 
delphia, on Dec. 29. 


| Carr. Davin Nye, General Superintendent 
|of the North Pacific Coast Railroad, drovuped 
dead in San Francisco, Dec.29, of heart dis- 
ease. 


B. F. Jones, senior member of the firm of 
|Jones & Laughlin’s, of Pittsburgh, has been 
| appointed President of the Iron & Steel Asso- 
ciation, tosucceed Daniel J. Morrell, resigned. 


C. L. Writuiams is the newly appointed 
| Superintendent of the Ohio River Railroad, 
| succeeding Charles Howard. The Superin- 
| tendent’s office will be at Parkersburg, W. Va. 


| CHARLES H. Warren, late Superintendent of 
ithe Humeston & Shenandoah R. R. died in 
| Clarinda, Iowa, on Dec, 22. Mr. WARREN was 
| about 40 years cld and was formerly Superin- 
| tendent of the Wisconsin Valley and West 


| Wisconsin Railroad. 


Lieut. Henry O. Hanpy, of the United States 
| Navy, died suddenly at Tarborough, N. C.,last 
| week. He wasa native of Massachusetts, and 
| graduated from the Naval Academy in 1800. 
| He was commissioned as Lieutenant in 1874 

while serving on Coast Survey service, and 
| afterward served for two years on the European 


| station. 


Mr. Lorenz was born in Hanover, was edu- 
cated at Gottingen and graduated with high 
|honors. He came to America in 1848, and 
|after some experience at teaching school, in 
| 1850 entered the service of the P. & R. R. BR. 
| He was for many years Resident Engineer of 


} 


the Lebanon Valley branch ef the main line, 
| with his headquarters at Lebanon, Pa. About 
| 1870 he was made Principal Asst. Eng., under 


Chief Eng, Chas. E Byers, of the main line and 


| all branches, and in 1871, upon the death of 
| Mr. Byers, succeéded to his office. For the 
last year or two he has been Consulting Engi- 
neer, ill health having compelled him to relin- 
| guish some of the duties of the office of Chie 
Engineer. 


Mr.W.P. Geruarp, Civil Engineer, late Chief 
Engineer of the Durham House Drainage Com- 
pany, having resigned his position with said 
Company has opened an office at 41 Dey Street, 
New York and offers professional advice and 
superintendence of construction in sanitary 
engineering works. While Assistant engineer 
to Col. Henry Flad in St. Louis, and later as 
principal assistant toCol. Geo. C. Waring, Jr., 
Mr. Gerhard has devoted special study and 
gained large experience in questions of water 
supply, sewerage and sewage disposal. He 
devoted the last four years in particular to the 
improvement of the sanitary condition of 
dwelling houses in city and country. His 
various reports and books on sanitary topics 
have been noticed from time to time in our 
columns. 
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Water 
News of the Week 
Market Report 


THE numerous changes required in our first 
ssue for this year, coupled with the awk- 
ward occurrence of a holiday, must be our 
excuse for any tardiness in publication or 
faulty make-up, in the present number. In 
another week we expect to have matters run- 
ning more smoothly. 


AFTER one year’s experience the Improved 
Sewerage system of Boston, is reported as 
working without a hitch or flaw, and as real- 
izing every expectation previously entertained. 
Among these expectations, however, was the 
one, held by its opponents, that it would 
nterfere with the general comfort of those 
residing on the borders of Quincey Bay. This 
also approaches realization, as the complaint 
is made that the stench is severe when the 
wind comes from certain quarters. 


THE completion of the Mackay Bennett 
Cable is causing a decided ripple in the ocean 
cable pool. The rate has fallen to 40 cents 
per word, and Mr. John Pender, of the old 
combination, is devoting himself to maintain- 
ing this rate against any further attack. 

As an indication of the influence of a rival 
in the field, the officials of the Globe Tele- 
graph & Trust Co., with its £15,000,000 capital, 
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to apy address En- | 


Grounp was broken for the new Croton | more direct, avoiding the public monuments 
Aqueduct on last Tuesday, at Shaft No. 24,/and squares; and that the lower way will 
/near High Bridge. Division Engineer Watkins | afford a safe passage for pedestrians free from 
| threw out the first shovelfull of earth. the dangers of the multitude of wheeled veh- 
sulci | icles used in that city. 


Tue Department of Engineering of the Uni- | The plans and general location of the road 
| versity of Wisconsin solicits, through a cir- | Proposed by M. Heuzé are displayed in Le 
‘cular, drawings, lithographs or blue-prints Genie Civil, of Dec. 6. We will only say that the 
‘of engineering structures and their details, | 4¢signs, while highly ornamental, are the work 
| This appeal to engineers and manufacturers | °f 40 architect and not of a civil engineer. 
,is made in the hope of thus replacing the 
collection of plans destroyed by fire on Dec. 1. 
| Assistance in building up the technical library | 
| is also requested, by the donation of spare, We beginthis week the publication of a math- 
| papers on engineering, reports, ete. The cir- ematical column which will appear throughout 
cular is signed by Allan D. Conover, Prof. of | the year in the first number of each month. 
Civil Engineering,and by Storm Bull, Prof.| Mathematics, pure and applied, is the corner 
| of Mechanical Engineering. /stone of all modern engineering. Anyone 
/ean build a road and bridge a stream, but 
Tus New York Tribune has an article on bad | Without mathematics the construction would 
tenement houses in this city, or houses oc- | be expensive, ill adapted to its ends, or unsafe. 
cupied by three or more families. Of the | Modern engineering is the art of training the 
23,000 tenements on Manhattan Island, 18,966 | forces of nature to the service of man so as to 
have more than one family on a floor; the re- produce safe and durable structures at a mini- 


eg 


Our Mathematical Column. 


|and cannot be properly classed as tenement 
|houses. Judging by the death rate in tene- 
ments; in 1878, 986 tenement houses, had three 
;or more deaths in them, two deaths were 
| reported in 2,138 tenements and one death in 
6,638 houses. This amounts to 53 per cent. of 
the total mortality exclusive of institutions. 
According to the statistics of the 10th Ward, 
| in 1879 it contained 999 tenement houses. Of 
| these, 183 were rear buildings; 324 had from 


four to eight families ; 272 from eight to twelve ; 


| 110 from twelve to sixteen ; 192 from sixteer to 


twenty, and 62 tenement houses contained 
'twenty or more families. The larger portion 
| of these houses were thus occupied by not less 
| than 50 individuals, and nearly 300 tenements 
| contained from 70 to 100 persons. 

ae 

| Mas. H. W. Crarkg, of the N. Y. and Penna. 
| Boundary Survey, takes us to task for repub- 


j 


13 | lishing the bit of news relating to the ‘‘ Naming | 


99 


of Townships,’ in our last issue. We bow 
gracefully to the Major’s superior knowledge 


;; upon this subject, and acknowledge that our 


scissors were in error when they snipped out 
that iteim. 

Major Clarke further says that the Attorney 
General never had anything to do with town- 
ship nomenclature; and that nearly all the 
| townsbips were named forty years before the 
date mentioned in the article referred to. 
These were townships in the Military Tract, 
set apart for soldiers of the Revolution, and 
Surveyor General Simeon DeWitt determined, 
very properly, that they should have names of 
a military or heroic significance ; but, to avoid 
possible jealousy and ill-feeling, he selected 
the names of warriors of ancient Greece and 
Rome. This accounts for the classical names 
abounding in Central New York. 





lands, were generally numbered; naming was 
the exception. Those in the northern part of 
the State were named by the Land Proprie- 
tors. The town or civil divisions were named 
by the local authorities when organized. 

M. Louis Hevzé, an architect of Paris, pro- 
poses as the latest scheme for rapid transit in 
that city, an elevated railway running through 
what he calls private ways. The type of 
| elevated way he suggests is a series of orna- 
mental cast iron arches, running one set 
across, and the other with the streets; for 
supports he uses cast iron columns. The road 





Land townships, or the divisions of public | 


Reg. | mainder are the homes of well-to-do persons, | mum cost. The more close the competition 


| 


the greater is the calculation required to meet 
this condition of minimum cost. Hence itis that 
engineers who can calculate and compute are 
apt tobethe most successful. With more math- 
ematice applied to their designing, the Ash- 
tabula and Tay bridges would have been con” 
structed to safely bear the heaviest trains and 
greatest winds, and would still be standing. 
With more preliminary mathematics many a 
railroad would be able to earn better divi- 
dends for its stockholders. No apology is 
therefore necessary in placing before our 
readers a subject in which they are all deeply 
interested. Our aim will be to make the col- 
umn interesting by noting odd mathematical 
facts and processes, as well as useful by re- 
cording formulas and rules of practical value. 


mG 


The Annual Convention ofthe Am. Soc, C.E. 


| Two weeks ago we commented on a circular 
issued by the American Society of Civil Engi- 
neers concerning the adoption of a new plan 
for conducting its annual conventions. The 
fact that a large number of members of that 
Society have been dissatisfied for some time 
with the annual convention is well known, as 
also the fact that a similar feeling exists in 
other similar societies. The opinion is wide- 
spread indeed that the annual convention needs 
to be reformed and conducted ona better plan. 
How that reformation is to be made, and what 
that new plan is to be, are now the subjects 
proper for discussion, and ccncerning them we 
here offer a few suggestions. 
We lay it down as anaxiom in the first place, 
that when a young man joins an Engineering 
Society he does so for the sake of improving 
and advancing himself in his profession. He 
does not seek thereby social pleasure, or moral 
improvement, but engineering associations 
|merely. Asan engineer he mustdo as engi- 
neers do. He must read what others 
write, he must learn how othersthink, he 
must inform himself regarding methods of in- 
vestigation and details of construction. In 
listening to older and wiser men there is indeed 
a social pleasure and a moral improvement, 
but these can only be profitably experienced 
through the aid of professional subjects. The 
main object of an engineering society is in 
fact universally acknowledged by all to be 
the professional improvement of its members. 
The annual convention, in order to be 
successful must therefore be planned with 


usually curt, laconic and rude in their dealings | is double track, and he recommends its location | reference to this main object. 


with the public, are reported to have even con-| upon streets cut through the centers of the| There are papersto be read; how shall they 
descended to crack jokes with their customers ; building blocks, the new streets thus formed | be arranged and read so as to produce the 
a great condescension in them, and a wide | to be utilized, beneath the tracks, for pedes- | greatest professional improvement of the 
departure from established custom. | trians onlyand to be lined with shopsand man-| members? Discussions aré to be held; how 

Mr. Pender is reported to have already made | ufactories. | shall they be conducted so as to effect the 
overtures to the Mackay Bennett Co.,to the| The chief argument in acquiring so expen- | greatest professional improvement? Excur- 
end that they may work amicably together. | sive a roadbed is, that the line can be made’ sions are to be taken; how can the maximum 
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professional improvement be derived from of greater value but greater length often fails 
them? Opportunity must be given for rest in producing an effect. It would be proper 
and for conversation; how shall this be best that the programme should state the number 
arranged with reference to the main object? of minutes required for the reading of each 
For many recent conventions it has been a/| paper. 
custom to appoint a local committee consist-| The discussions are often the most interest- 
ing of citizens of the city where the assembly | ing and profitable part of the exercises and | 
is held, and that committee has virtually ar-| should hence be encouraged. Mankind nat- 
ranged the programme of the meetings and urally enjoys discussion and debate. By it 
excursions. Consisting often of men who are | conflicting opinions are balanced, different 
not engineers and perhaps not members of the | methods of practice are compared, and a 
society, it could scarcely have been expected | clearer understanding is attained, of the sub- 
that such a committee could properly keep) jectin hand. Subjects of a semi-popular char- 
in view the idea of professional improvement. | acter like standard time, metric system, and 
Excursions have hence been more prominent | technical education have often called forth 
than meetings, and these have been largely of debates of great interest. It seems well there- 
a social rather than of an engineering charac- | fore that in selecting the topics for considera- 
ter. Lawn parties and receptions have been | tion those which are the most likely to elicit 
arranged, successful socially but unsuccessful | discussion should receive the preference. 
professionally. The meetings for discussion The excursions need to be arranged and 
have been few, short and in general not satis- conducted with great care. Too often has it 
factory. As a first step in the direction of | happened that members Lave been dragged 
reform it seems well to try the plan of abolish- , out of bed at an unseemly hour of the morn- 
ing the local committee, and allowing the ing, carried for hours in a tedious railroad 
officers of the society to arrange the pro-| ride to see something of little engineering im- 
gramme and stand responsible for its success. portance, and returned almost exhausted at 
In order to make any programme successful | * late hour of the evening. The objects visited 
itis necessary that it should be rigidly adhered | should be of real engineering interest in order 
to in all its details. Ifa mecting is appointed | to render the excursion of the greatest pro- 
to begin at 9 a. M., let it be called to order | fessional benefit, and arrangements should be 
promptly at that hour. As punctuality is one | made that a careful explanation of all tech- 


of the first laws of nature so should it be of the | 2i@l_features should precede or accompany 
annual convention. Nothing could well be i the visit of inspection. Half a day seems the 
more depressing to the citizens of the city or | maximum length of time required to render 
to the members of the society than to find the | an excursion successful ; if this be exceeded 
first meeting of the convention opened an hour | pseudo-engineering is sure to predominate, 


; ‘ igue -al i j ssible 
inted time,as is too ,| and fatigue renders real interest impossible. 
atter tha agpeinted time, as © ction Gx | In order to make the social features of the 


case. ; : 

It would be very desirable if the programme | convention satisfactory they should be sub- 
could be issued early, so as to be in the hands |ordinate to the real professional work. If 
of members at least ri days before the date of excursions and receptions are numerous the 
theconvention. To be of the greatest service meetings are sure to be lifeless and poorly 

attended. Man cannot serve two masters, nor 


the titles of the papers to be read at each of 


the meetings should be stated, and perhaps a 
brief abstract be given of the most important 
ones. In this way the minds of members 
could be prepared to better appreciate the 
papers themselves as well as the discussions 
which follow. As a matter of convenience it 
would be best also to group together the papers 
by subjects so that, for instance, those on 
hydraulics and river engineering might come 
the first day, those on railroads the second 
day, and those on bridge construction the third 
day. Under such an arrangement many mem- 
bers who find it difficult to be present through- 
out the entire session, might be able to attend 
for the one or two days when the discussion of 
the greatest interest to them occurs. 

The reading of papers, unless judiciously | 
controlled, is apt to become a dry and profit- 
less performance. Everybody knows that it 
is impossible for an audience to followa reader 





can he sit upon two stools at one and the same 
time. Work first and play afterwards, and 
more work than play,—these are laws which 
nature has established in order to render this 
terrestrial life enjoyable. The main business 


|of the convention is professional discussion 
and improvement, and all social arrangements | 


should be subordinated to this. Then will the 
excursions be truly appreciated and the con- 
vention long be remembered as a success. 

The annual convention usually begins on a 
Tuesday and continues three or four days. In 
the following suggestion for a programme of 
exercises three days have been adopted. On 
Tuesday promptly at 10:00 a. m. let the con- 
vention meet, organize and be welcomed by 
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Report of the Secretary of War. 


The report of the Secretary for 1884, issued 
November 21, states that the total appropria- 
tions for the fiscal year ending June 30, 1885, 
was $45,570,551.53; of this sum, $15,687,485, was 
devoted to publie works, including river and 
harbor improvements. The estimates for the 
year ending June 30, 1886, are $50,850,500.58 ; 
$18,497,460.48 being set aside for public improve- 
ments with the new sea-coast fortifications 
included therein. 

The report of the Chiefof Engineers has 
already been commented upon. In the report 
on the Improvement of the South Pass of the 
Mississippi River, it is stated that from Sep- 
tember 10, 1883, to September 9, 1884, four 
quarterly payments for maintenance, amvunt- 
ing to $100,000, and two semi-annual payments 
of interest on the $1,000,000 retained, amount- 


‘ing to $50,000, have been made to Mr. Eads. 


The total expenditure for this improvement, to 
the last date given is $5,000,000. In referring 
to the Ordnance Department the Secretary 
hopes that Congress at its ‘“‘ next session”’ will 
appreciate the pressing needs of the Depart- 
ment and the difficulties under which it now 
labors in attempting to secure suitable mate- 
rial for gun construction. The steel makers of 
the country will not undertake the production 
of steel on a scale adequate to the wants of the 
War Department without the inducement of 
being fairly remunerated for their outlays. 
Speedy action on the part of Congress is all 
the more necessary when it is considered that 
at least two years must elapse, even after 
ample encouragement has been afforded, be- 
fore the requisite plant can be designed, con- 
structed and set into operation. Two years 
more will then be required to manufacture and 
test experimental or typical guns before the 
manufacture in quantity can be proceeded 
with. 

Pending the action of Congress, the Depart- 
ment is proceeding with the conversion of 10- 
inch smooth-bore guns into 8-inch rifles, by 
| lining either with a coiled wrought-iron or a 
forged steel tube; fifty guns will thus be con- 
verted within the year. In the fortification 
| bill of July 5, 1884, $15,000 was appropriated to 
be used in experiments with dynamite or other 
| high explosive projectiles. The Department 
| has given all proper assistance and encourage- 
;ment to private parties having designs or in- 
ventions that promised success; but the trials 
|80 far, have been merely tentative, and noth- 
ing has been developed demanding special 
‘mention. Experiments have also been made 




























































the local authorities. Then the reading of| i? firing shells charged with explosive gela- 
papers and discussions upon railroad construc- tine from service guns. The practicability of 
tion and operation might follow until 1:00 p. m. firing such shells, with ordinary gunpowder as 
The afternoon session from 3:00 until 6:00|# propelling agent, seems now almost assured. 
could be specially devoted to a debate and Some 8-inch steel shells have been ordered 











whose paper abounds with mathematical | giscussion upon one or two subjects of general | 
formulas or statistics or which is illustrated | interest, such as the compressive strength of 
with complex diagrams. Such papers whenin | wrought iron or the use of the pnuematic sys- | 
print may be of great value, but to read them tem for constructing tunnels. The evening of 
is often an infliction which the audience is loth | Tyesday would be left for social converse and 
toendure. In the making up of the pro-| rest. On Wednesday from 9:00 until 1:00 a 
gramme a careful censorship should be exer-| session for the reading of papers and discus- | 


| with a view to increasing the penetration in 
|iron plates, with the expectation that the ex- 


plosive effect of the gelatine will be thereby 
augmented. 

‘The Chief Signal officer reports that the total 
expenses of his department, for the year end- 
ing June 30, 1884, was $958,392.95, from which 









cised that such papers only be presented by | 
popular abstracts stating the salient points of | 
the investigation. For a convention the bridge | 
engineer must write so that the hydraulician | 
can understand him, while the hydraulician | 
must be able to state his argument so clearly 
that bridge and railroad experts can grasp the 
point. The length of a paper, too, is impor- | 
tant; fifteen minutes is usually too long, and | 
often five minutes will be enough. When the 
paper is printed let it be condensed so as tobe | 
short and terse. Duringthe first five minutes 
an audience is attentive, during the second it | 
is indulgent, and during the third it often be- | 
comes impatient. A pointed and suggestive | 


‘sions upon designated subjects would be held, | Should be deducted $17,074.72 received from 


while the afternoon might be left free for | the military telegraph lines. The appropria- 








paper of five or ten minutes duration will 
greatly interest and impress the audience and 
eall forth an animated discussion, while one 


excursions and for seeing the city. On Thurs- 
day the morning session would be devoted to 
the reading of papers, and the afternoon ses- 
sion to receiving the reports of committees 
and to discussions concerning the business 
and policy of the society. On Thursday even- 


iug the annual address of the President, fol- 


lowed by a reception or promenade, would 
form a fitting conclusion to a profitable and 


| successful convention. 


oe 


Tue Lidgerwood Manufacturing Co., of New 
York, has been awarded a Gold medal by the 
Massachusetts Charitable Mechanic Associa- 
tion, of Boston, for superior excellence in 
Hoisting Engines, Boilers and Small Station- 


ary Engines. | 


| tion for 1885 is $1,001,228.93, and the estimate 
for 1886 is $1,552,659.84. Secretary Lincoln does 
|not concur in a recommendation for an in- 
|erease in the appropriation submitted. He 
| gives his reasons as follows: 

‘“‘My reasons are briefly that, even if in the 
Army bill the amounts to be expended for the 
| Weather Bureau should be made specific and 

definite, as was not the case until recently, I 
deem it prejudicial to the interests of the Army 
that its apparent cost of maintenance should 
be so largely increased by adding to it the cost 
of the Weather Bureau service, with which the 
Army is not concerned. It would seem to be 
as appropriate to make the river and harbor 
appropriation a part of the Army expenses be- 
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cause a few Army officers supervise the work. 
In this connection, I renew my recommenda- 
tion that the temporary legislation of the last 
two years, forbidding the expenditure for this 
service of money not specifically appropriated 
therefor, be made permanent legislation ap- 
plying to all future appropriations to be dis- | 
bursed by the Secretary of War.” 
The points of difference between the Secre- | 
tary and the Chief Signal Officer as to the ill- | 
fated Greely Arctic Expedition have been al- 
ready sufficiently commented upon in the | 
daily press. 
. cn 


The Water Jet in Pile Sinking. 


A correspondent, and a former officer of the 
corps of U. 8. Engineers gives us the following | 
sketch of the discovery of the value of a water | 
jet in sinking piles in sand:—He says, that | 
Capt. Walter H. Stevens, U. 8S. Engineers, and 
afterwards a Brigadier General in the Confed- 
erate army, was engaged in constructing an} 
iron lighthouse, in 1859 or 1860, near Galveston, | 
Texas. The platform carrying the plant for | 
sinking the screw piles, intended for the| 
foundation, was wrecked by a storm, and the 
mass of iron work was soon tirmly imbedded | 
in the quicksand beneath. 

Capt. Stevens, in the attempt to recover his 
lost material, donned a suit of submarine 
armor, and went down to study the effect of a. 
jetof water from a pump in loosening the 
buried members of the lighthouse. He soon 
discovered that he himself was firmly anchored 
in the quicksand and on applying the jet to his | 
feet, with the intention of freeing himself, in a | 
second of time was buried to his waist. His} 
situation was an awkward one, but by signal- 
ling to his men to hoist, and at the same time | 
stirring up the sand with the jet, he was hap- 
pily rescued. 

The experience was not lost upon the Engi- | 
neer,and shortly afterwards he successfully 
applied the jet action insinking piles in sand. 
The Confederate officers, under the direction of | 
Col. S. H. Lockett, Chief Engineer of the de-| 
partment of the Gulf ,C.S. A., in this manner | 
filled the Bay of Mobile with obstructions, | 
sinking trunks of trees, 3ft. in diameter and | 
sharpened at both ends, into the sand and | 
firmly anchoring them there by the use of a | 
jet from a common fire engine on asteamboat, | 
The piles were planted from 12 to 20ft. deep. | 
and they settled in the sand at the rate of 12 in. | 
per second under a jet from an 1} in. nozzle} 
ona 3}in. hose. The nozzle was held by two | 
staples down near the point of the pile, and | 
was secured there by a small rope passed | 
through the staples. 5,000 piles were thus putin. | 

a 


Engineer Society of Western Pennsylvania. 


| 
| 
| 
| 
| 
| 


At the regular meeting of Dec. 16, Prest. | 
Miller in the chair and forty-four members 
present, a report was read by Mr. Lindenthal 
on the subject of publishing the proceedings 
of the society with the “ Association of En- 
gineering Societies”. After detailing the or- 
ganization of the Association, the expense to 
members and the advantages of such publica- 
tions, the committee recommended the joining 
of the Association. On motion the report was 
accepted. 

The Committee on nominations presented 
the following names of officers to be voted for | 
at the annual meeting :—For President, Geo. | 
H. Browne; for Vice President, C. L. Strobel; | 
for Directors, Wm. Martin, Wm. Thaw, Jr. ; | 
for Treasurer, A, E. Frost, and for Secretary, 
Jas. N. Harlow. 





| 
j 


Mr. John A. Brashear read a paper on | 


““Oritical Methods of Detecting Errors of 
Plane and Spherical Surfaces.” 
' wieeailpbi 
EXPERIMENTS have been made with the pulp 
of the Floriday banana, and the result is that 
from it can be obtained a splendid quality of 
paper and rope. 


ENGINEERING NEWS AND 


Sureties of the Contractors for the New 
Croton Aqueduct. 
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*The average distance traveled by each pas- 
senger over Minnesota lines was 38.4 miles. 
The average earnings on each passenger 


The following names and amount of sureties | over all lines operated in this State to June 30, 
are obtained from the official records of the | 1884, was $1.16. 


Aqueduct Commissioners: 


CONTRACTOR. SECTION. 


Heman Clark. 


Erastus 
Jas. 


O,Brien & Clark. 


“The average earnings on each passenger in 


SURETIES. 


Cornelius H. Delemater, New York 
Samuel D. Coykendall 
Timothy J. Sullivan, Alban 
Wiman, New Brighton 

Wm. Hinkley, Poughkeepsie 
{ Thomas Cornell, 


ingston 


ingston 


} Geo. H. Robinson, New York 

\ Jas. L. Williams, Poughkeepsie 
| Maurice B. Flynn, New York. 

{ Thomas Cornell, Kingston... 


( Edward Kearney, 


New York.... 


Lewis Rider, Rhinebeck 


} ah 


omas Cornell, Kingston 


Tis 2, OO cas 5 cnt cenbexscceasebteesenseses 


( 
! Maurice B. 
Brown, Howard & Co. 
Samuel Thomas 

4&5 


Fred’k A. Brown, 


Samuel D. Coykendall, Kingston 
Charles H, Field, New York 

Flynn, “ # 
Calvin 8. Brice, * 


The sureties are in double the amount of the | Minnesota for the year ending June 30, 1884 


securit 
performance of his work. 


i ——— 


Official Organization of the New Croton Aque- 
duct Commission, 


The organization for the ¢onstruction of the 
New Croton Aqueduct, as given below, is offi- 
cial and includes all appointments at the pres- 
ent date, excepting those of lower grade. 

THE AQuEDUCT COMMISSION : 

The Mayor of New York. 

The Comptroller of New York. 

The Commissioner of Public Works. 

C. C. Baldwin. 

James C. Spencer. 

William Dowd, Commissioners. 

James W. McCulloh, Secretary to the Commission. 

Joseph P. Davis, Consulting Engineer. 

‘HIEF ENGINEER'S OFFICE. 

Benjamin 8. Church, Chief Engineer. 

Alphonse Fteley, Executive Engineer. 

Frederick 8. Cook, in charge of Draughting Bureau. 
FIELD STAFF: 

H. 8. Craven, Engineer of Construction. 

Charles 8.Gowen, Engineer ist Diy. Croton Dam. 

John B. McIntyre, and‘ Sing Sing. 

John M. Wolbrecht, 3rd “ ‘Tarrytown. 

Alfred Craven, 4th Irvington. 

E. Sherman Gould, Sth “ Yonkers. 

Frederick, W. Watkins. “ 6th “ 24th Ward. 

Edward Wegmann, Jr., ** Tth ‘ Manhattan Is- 
land. Detailed at office of Chief Engineer. 


H. 8. Craven has general charge of all con- 
struction in the field, and each division engi- 
neer will have under him an assistant engineer 
and an ordinary instrumental corps. Mr. 
Frederick 8. Cook, in charge of the draught- 
ing department at the main office, has rank of 
diyision engineer. 

The Railroads of Minnesota. 


Gen. J. H. Baker, in the fourteenth annual 
report on the railways of Minnesota, soon to 
be issued, presents in an exhaustive manner 


y required of each contractor for the | was $0.93. 


The average rate per passenger per mile in 
Minnesota for year ending June 30, 1884, was 
2.73 cents. 

The average gross earnings per mile of rail- 
way in the State for year ending June 30, 1884, 
were $5,924.777 

The average cost per mile of operating the 
railways of Minnesota for year ending June 
30, 1884, was $3,004.28. 

The operating expenses in Minnesota for 
year ending June 30, 1884, were $11,784,253.58. 

The operating expenses of all lines operated 
in Minnesota for year ending June 30, 1884, 
were $45,515,003.67. 

Theaverage percentage of operating expenses 
to gross earnings was 50.69 per cent. 

The amount paid in addition to operating ex- 
penses on entire lines was $59,354.56. 

The taxes paid on all lines operated in Min- 
nesota for year ending June 30, 1884, were 
$2,169,584. 22. 

The taxes paid on lines in Minnesota for 
year ending June 30, 1884 were $645,735.18. 

_The number of tons of freight carried in 
Minnesota for year ending June 30, 1884, was 
8,516,178. 

The average amount received for each ton of 
freight handled during the year was $1.94. 

The number of employes on all roads oper- 
ated in Minnesota for the year ending 30, 1884 
was 58,513. 

The number of cars of all kinds used by the 
companies operating in the State for the year 
ending June 30, 1884, was 69,270. 

Numberxy of engines used by all roads oper- 
ating in State for year ending June 30, 1884, 
was 2,275. 

The construction account for the year for all 
lines operated in the State was $20,044,742.51. 

The number of acres of land sold by all lines 
for the year was 468,520.65. 

The amount received by railway companies 


the present condition of railway affairs in that 
| State. The report is too voluminous to review 
|in its entirety; so we only mention it as a 
| model of its kind, and give some of the statis- 
tics and remarks contained in it. 

| There are now 4,16243, miles of railway in 
| the State, only 256,45 miles having been built 
|in 1884 to Dec. 1. The total cost of all this 
|road operated to June 36, 1884, was $161,054,515, 


during the year for land was $1,991,801.27. 

‘The number of acres sold to June 30, 1884, by 
all companies was 3,355,867.65. 

The amount received for lands sold to June, 
30, 1884 was $14,793,087.96. 

The number of miles of steel rail track in 
Minnesota is 2,518.22. 

The number of miles of fencing in the State 


the average cost per mile being $40,994.56. 
The gross earnings of all lines operated in 
the State to June 30, 1884, were $80,864,301.94. 


is 3,146.6. 
Elevator capacity in Minnesota at close of 
year ending June 30, 1884, 25,739,700 bushels. 


RENEWALS AND REPAIRS OF TRACK. 


| The gross earnings in Minnesota for year 
|ending June 30, 1884, were $23,243,466.22. 

The number of passengers carried by all 
lines operated in Minnesota to June 30, 1884, 
| Was 17,873,892. 
| “The number of passengers carried in Min- 
| nesota for year ending June 30, was 5,962,297. 
| The average distance traveled by each pas- 
senger on all lines operated in this State to 


| June 30, 1884, was 42.7 miles. 


Quantity. Amount. 
New steel rails, costing in 


19,989 tons. $849,214.29 


Equal to miles of main 
and side track 
Rerolled iron, costing in 
Relaid rails, costing in 
190,795.47 
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Equal t0.------.-+---+-+-+++s Ciao. .-- iosessansgs 
Total miles of iron and 

steel rails laid........... Se xsienndeces 
Iron and steel rails repair- 

ed at rail mills.....-..... MG A Ce wtnwntvces 
Cost ofrepairsatrail mills ............ 9149.37 
Total number of newtrack, 

switch and bridgs ties, 

costing in track......-... 1,072,465 ties. 520.326.08 
Average COst....----..----. reer 
Average cost in track..... 49.59 CentB. =. «+ 0 sense 
Equal Be vccevecsesccccccess Se, — cnc coutes 


t of raising track to 
= e, and for ballasting 


onthe several lines..... — -........... 207,844.09 
Cost of deepening and 

widening ditches........  ...-.-+..... 87,660.60 
Standard splice bars and 

bottom plates....--..... 26,505 numbers. 8,928,32 
Anglesplice bars..--...... 179,793 numbers. 45,847.43 
Spikes ---- eee. ceceeeseceeee 5,963 kegs, 30,779.41 
J Se ee 2.630 kegs. 15,845.21 
Nut locks..-.------.-++++- 458,363 numbers. 9, 246,67 
Switches --------+----++-+5+ 229 numbers. 5,779.12 

PeRisicrecesccwccegcavecosasewss iccacceasnese $1,981,634.83 


RENEWALS OF FENCES, ETC. 


Quantity. Cost. 
Posts..------ ttre neat eee ge ee 122,587 posts. $8,680.73 
Nails and apties we eeeeeeers 837 kegs. 2,621.14 
Cr ssing planks........... 983.344 feet. 14,746.37 
Fencing ---------++--++ee eee 973.59 feet. 9,603.40 
Barbed wire fencing......  ........+... 29,303.29 
asthe ra shidinss senate visdubeen ce deskenakece $54,954.93 


The portion of the report relating to: the 
Nothern Pacific R. R. is very full and the 
length of road operated by this company at 
the end of the fiscal year is given as follows :— 

Miles. 


Duluth to Northern Pacific junction (owned in 
common with St. Paul and Duluth railroad 





in several ways, the best of which improve- 
ments are contained in the Fisher joint. 


which cannot deflect untilthe chair does. 
Fisher joint is held by a much larger bolt than | resist vertical but lateral strains as well and 
can be safely put through the web of a rail Z 
and therefore permits the nut to 
screwed down with greater force. 


the rails butt against it, the corners being 
drilled off to receive it. 





Sea : : : 
Fig. 37 shows the three styles marked respec - 
tively a, b, c,. If a rail is spiked in warm 
weather, the spike must be driven on that side 


of the slot away from the end of the rail thus 
allowing the rail to contract and expand, 


though in narrow limits. In order to give a 
plate joint sufficient strength to act asa sus 

pended joint an angle bar weighing from 15 to 
| 20 Ibs. a piece instead of a straight bar is used 
| as shown in Figs. 38,*and 39the standard joints 
of the N. Y. L. E.& W. R.R.& P. R. R. respec- 
|tively. Such a joint, varyingonly in details of 
size of plate and spacing of bolts, is the gener 

/ally adopted standard of the day and hence 
claims our attention at length. 


TRACK.* 





BY W. B. PARSONS, JR., C. E. 
ROADM \STER SUFQUEHANNA DIVISION ERIE R. RB. 





(Continued from page 296. Vol. 12.) 
The class of chair joints has been improved 





Fig. 35—THE FISHER JOINT. 

Its advantages are that it is a suspended 
joint and has its material distributed economi- 
cally, since itis all at the bottom of the rail 
thus virtually adding to its depth; it more- 
over gives support to the whole end of the rail 


The first advantage over the straight splice 
is obtained by having the increase of metal at 
the bottom adding to its vertical strength and 
thus justifying its use as a suspended joint, 
Again the strength of the joint is materially 


The | increased laterally, for rails have not only to 


be [ 
This 
vertical bolt also prevents creeping since 


a 





Fic. 36—FIsH-PLate. 


This joint like all chair joints, or any other}0n a curve, unless they are carefully bent 
which like them in part or whole lies between | previously, they tend to straighten and obtain 





eae teasiiis teas Sore Wattehe tomes ams 23.2 the rail and tie has one great disadvantage. | the amount of curvature by deflecting at the 
pean isin saente. 1,650.5 | ‘The joint ties must be cut down, giving @ ten-| juints. This tendency is countefacted by the 
Superior City to east end of track..... saibaae 20.5 | dency to split and extra liability to rot, or else | Jateral stiffness of the angle bar. Further- 
aa Seen sneNe, sme 36.3 | they must be lowered. If they are lowered it | more as the bottom of the angle is turned over 
Kalama to Tucoma..--...-----.-+++eeeseeereee sees 105.1 | is done by inclining them (unless th» joints are | the base of the rail it givesan increased bear- 
CASCADE BRANCH. **opposite’’), when the surface of the ties and | jng ies 7 i i vreater 
Tacoma to South Prairie............-.--..-.++0-+ 25.0 PP : : ing on the tic sand, what is a still en - 2 ad- 
From Columbia river up Yakima valley...-.-.. 95.0 | that of the rail base are no longer in parallel | vantage, permits the plates to be spiked inde- 
ii ti initial Tos 1 | Planes giving the joint uneven bearing. Sec-| pendently of the rail. In both the chair and 
From Puyallup junction (10 4-10 miles east of, | OHdly all chair joints are noisy. It is impossi- | ‘ish-plate joints the rails are held from creep- 
Tacoma,) to Stuck junction (the junction with ble to keep track in such shape that the rail | jing by spi iven in slots i » pails the 
Puget Sound Shore vellroad.... ate eee 8) Sin E le i a allen - oa : : ing by spikes drive nin slots in the rails them- 
From South Prairie to Ca. bonado and Wilkeson will not rattle in the chair especially after | z:eives, which is a great mistake. When the 
and South Prairie coal fields ... ..........-.... __%" | wear. The first stepin advance over the old-| rail has expanded or contracted until it is fast 
Whole length of road owned by Northern TS 
Paeific railroad company. .....-..+++seseseeeeees .73 f Ode 
LEASED. a Dh 
6}, Foal & eesthern Pacific railway, Brainerd to i site & [ : rp 
TNOBPONS. «+ 0s cece cee ce ccc eer ener eeeeeeeneseeee 127. ‘ 
Trackage. Minneapolis to St. Paul (St. laul uh ary, 
Minneapolis & Manitoba railway)....---.------- 1.36 | en iN 
2,069.19 : 
BRANCH ROADS. Fic. 39—STANDARD JOINT, PENNA. R. R. 
Little Falls & Dakota railroad....-..... ... 7. ashioned chairs was the Fish-plate which | i » spike ‘ther moveme 8 
Hctharn ecthe Pennan ih inch itis \f c h-p . | against the spike any further movement must 
PEO so nc vvsnsiccsescsncnesscncserantscsse 117.10 began tocome in general use in 1847. TwW0O)|be obtained by crowding the spikes. If a 
sen rellroed oi 87.40 straps of iron bolted to the rails. as in Fig. 36. | rail is to be spiked in a slot it should be at the 
ru Se ace seers —_ | and receiving its name from the sailor’s term eenter. All thisis obviated in the angle plate, 
Skywston branch... oe ese: ail 12.90 wr ane ' ‘ a Pe rr ae ee the slot being cut in the flange of the angle. 
ocky Mountain railroad 0 ontana..-.--- 51.70 ey var n len rom 0 % nehes, in » white eas att le fran : ae 
eee ee een aan y y - gt . " a Now, while eac h rail is free to contract and 
—~—47.65|height according to rai section and in| expand tothe limit, the string of rails as a 
Total length of road owned and leased at weight from 8 to 14 Ibs. a piece. They are) whole is firmly held against creeping or run- 
the end of the fiscal year......--.-----. -- 2.546.84 


The sections of road from Portland to a 


point on Columbia river opposite Kalama 36! 


3-10 miles, and from Columbia river up Yakima 
valley 25 miles, and from Superior City to the 
east end of track, 26 5-10 miles, haye not been 
operated. 

Construction is progressing on the Wisconsin 
division between the east end of the track and 
Ashland, 36 miles, and on the Cascade division 
from the west end of the track in the Yakima 
valley to Yakima City, 57 miles. 

The total expenditure for equipment of the 
Northern Pacific R. R., including 182 locomo- 
tives, is $5,594,672.49. Improvements and bet- 
terments, to date have cost $866,058.06. 

Gen. Baker condemns the railroad code of 
the State as the most meagre and defective of 
any northern State, recommends an official 
railway map; and criticises the local passenger 
rate of four cents per mile as being too high, 
the average passenger rate being 2,44, cents per 
mile. 

He reports the average cost of operating 
roads within the State as showing a decrease of 
5 per cent. ; the freightbusiness has increased, 
for the year, 8 per cent., and the passenger 
business 10 per cent. 

See 


ENGryerrinc News for three months One 
Dollar. 





held by 2, 4, or 6 bolts, generally 4. The spac-|jng. These spikes morover hold the plates in 
ing of these bolts follows no rule but varies | place even after the bolts loosen. Hence we 
arbitrarily with each road. Such a joint can | can sum up its advantages :—First; increased 
be either suspended or supported but unless | vertical and lateral strength with elasticity re- 
the plates are very heavy and traffic light itis tained. Second: suspended joint. Third; track 
best to use them supported. The metal is not) js held from creeping although each individual 



























































































well distributed to give much vertical strength 


i 





Fig. 317.— Stots 1n Baselor Rats. 


rail is allowed to expand freely. 


(TO BE CONTINUED.) 


—$—$—E=_ 


THE introduction of arms of precision of 


long range, and capable of being fired at a 
| rapid rate, has it is well known, greatly re- 
|duced the percentage of wounds inflicted by 
|the bayonet in recent wars; but it has not 


and if they have to carry weight, asin a sus-| hitherto accurately ascertained how large 
pended joint, they will break. To prevent | that reduction has been. From statistics, de- 
this breaking a plate reinforced in the center | rived from a competent German source, on the 
called the Samson bar, has been invented. | proportion of such wounds in the,wars of the 
To prevent creeping with the Fish-plate joint | last thirty years, it appears that in the Crim- 
the corner of the base is cut away sufficiently | an war it was 0.41 per cent., and in the Italian 
to holda spike or else back from the end a| campaign of 1859, 0,23 per cent. In the Danish 
proper distance in case a suspended joint is | War of 1864 it fell to 0.08 per cent., and as low 


required. Sometimes however, 


about 2 inches back from the end sothat there 
is room for the slots of both rails on the same 
tie. 





instead of | as 0.03 per cent, in the Austro-Prussian war 
cutting away the corners, slots are punched | (1866). 


It rose again to 0.08 per cent. in the 
Franco-German war (1870-71), and it was only 
0.08 per cent. in the Austrian campaign df oc- 
cupation in Bosnia in 1878. No details are 


This gives 4 spikes instead of 2 to the joint. | furnished with regard to the last Russo Tur- 


* Cop t by. Enarvwererinc News PusiisHine Co. 
All eo r This article was commenced on 





kish war (1877-78). 


— 





* For Fig. 38 see next issue. 





























Fic. 1.---REPAIRS TO CHESTNUT STREET BRIDGE, PHILADELPHIA. 


ELEVATION: 


~ S2recer~ - 


RETAINING WALL: 


Leatigealiimentien oll Ab | ome 
3 


YT 


~*~ , aoe 
Cle te et ee AS a el el st Bm 


* | 
; — 9) 


ELEVATION Two Sremente of Gimoen 


Repairs to the Chestnut 8t. Bridge in 
Philadelphia, Pa. 


The repairs which form the subject of our 
illustration and are now in progress, involve 
a novel application of the use of compressed 
air, and are consequently interesting as open- 
ing up further possibilities in the employment 
of this rather new agent in engineering con- 
struction. 

That the necessities of the case may be 
better appreciated, itis necessary that we enter 
into a short sketch ofthe structure it is thus in- 
tended to strengthen. The Chestnut St. Bridge 
crosses the River Schuyl!kill, in Philadelphia, 
by two graceful iron arched spans of about 
185 ft. each; with two arches of masonry on the 
west bank of the river, as shown, and continues 
thence westward by two retaining walls, carry- 
ing the western approach, which is about 
390 ft. long. 

The material upon which this entire west 
end of the bridge is founded is a soft alluvial 
deposit some 45 ft. deep to the bed of gravel 
and boulders overlying the rock. It is practi- 
eally soft mud, affording little or no resistance 
against a horizontal force. The foundation is 
on piles,and in the case of the piles supporting 
the approach walls there were noties connect- 
ing the foundations of the two parallel walls 
together. As a consequence of this latter 
omission, as soca as the heavy material form- 
ing the approach was dumped in upon the soft 
substratum, the heads of the two distinct lines 
of piles were pushed outward. They, of course, 
carried with them the platform and the walls 
above, and the result was a serious bulging of 
the approach and the consequent weakening 
and cracking of the extreme west arch abut- 
ment. Buttresses were built against the walls, 
and matters left to take care of themselves 
for awhile. 

But the trouble continued and further cracks 
and settlement warned the authorities that 
some radical action was necessary. Holes 
were now drilled through the abutment at the 
east end-of the approach wall andvery heavy 
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iron tie-rods were inserted to prevent any fur- 


| ther spreading ;but the surfaces held in place by 


the rods and their plates were so small when 
compared to the total area affected. that little 
good resulted from this expedient. As the west 
main abutment now developed a westward 
iendency and with a consequent tipping of the 
pile heads under it, an attempt was made to 
arrest this movement by putting in the heavy 
timber struts, shown at C. C. These were built 
beams, 36in. deep and 12in. wide each, and 
placed 6 ft. apart, between centers. This plan 
also failed to accomplish its intended purpose. 
In this emergency, Mr John F. Anderson, of 
the firm of Anderson & Barr, engineers and 
contractors, suggested to the city authorities 
the use of iron cylinder struts, extending from 
the foundation masonry of the west main abut- 
ment to the bed-rock. and thus disposing at 
once of the mischief-making thrust. Plans 
were accordingly adopted from his designs, 
and at the letting, the firm, of which he is a 
member, obtained the contract and are now 
earrying it to completion. Mr. Anderson was 
the inventor of the “‘ pilot tunnel, ’’ so success- 
fully used in the Hudson River Tunnel, andthe 
experience there gained no doubt suggested to 
him the possibilities of the present plan. In 
all essential features the tube is the same, in 
construction and manner of placing it, ex- 
cepting that instead of running forward hori- 
zontally, he now proposed to descend on an 
angle of about 45° to the bed rock. 


‘rhe cylinders used are 8 ft. in diameter and 
about 65ft. long each. They are built up of 
4in. wrought-iron plates, each plate 2ft. wide 
and about 3 ft. long, eight plates being re- 
quired to complete a segment of the eylinder. 
Around the edges of each plate, as shown in 
the illustration, are riveted 3} x 3}in. angle 
irons, and the abutting limbs of these angles 
are drilled for the reception of lin. bolts; five 
bolts in each horizontal and three in each ver- 
tical joint. These plates are so bolted together 
in forming the cylinder that they “break 
joints, ”’ 


The material being prepared and the air- 
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WEST ABUTMENT. 


compressing plant set up, work was com- 
menced on the first cylinder as follows: 


At a point just outside of the abutment ma- 
sonry and nearest the southwest corner, a pit 
was dug to the water line, and in it was built 
up the 4 ft. vertical shaft which was intended 
to connect the inclined strut with the air-lock. 
The bottom of this tube was so shaped as to fit 
the convexity and angle of the main cylinder. 
The air-lock, to be further described, was now 
put in place, and all pipe connections being 
made, the workmen were ready to begin upon 
the task proper. In this case the material 
was, at the beginning, sufficiently stable to 
permit several of the rings to be fitted without 
interference from water ; after that, the plates 
were carried through the air-lock, and bolted 
into position as the soil was removed; 
the top-plates first and then regularly 
around the cylinder. Work was carried on with 
about three rings at a time, so as to keep the 
working fac@as nearly horizontal as was pos- 
sible. The excavated material was removed 
through the air-lock in canvas bags in the 
manner usually adopted in the pneumatic 
process. 

When the boulder stratum was met the larger 
rock had to be broken up and removed and the 
sticky mud of the upper stratum was freely 
used in stopping all leaks in the joints between 
the plates, which, being made as they were of 
ordinary angle irons, were by no means tight. 
This answered the purpose however, admirably 
as it so often did in bad spots in the Hudson 
Tunnel. 


When the rock was finally reached with this 
first column, this was cut so as to afford a con- 
tinuous inclined face to the strut, and the 
entire column was filled with concrete up to 
the top. We should here remark that the bot- 
toms of the two outside cylinders deviate, by 
about 2ft., from a line parallel to the axis of 
the bridge ;in other words, they spread to that 
extent. The column being filled, the connec- 
tion between this strut and the foundation 
masonry is made by carefully stepping off 
both the cylinder and the masonry, filling in 
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between with concrete in such manner as to ( 


makethe foundation continuous at that point. 
Four of these cylinders will be used disposed 
as shown in illustration. 

The air-lock is also especially designed for 
this work, but can readily be used elsewhere 
as itis intended to form a part of a regular 
contracting plant. ‘Uhe lock is 5ft. square in 
section, with a rounded roof, and is 12 ft. long, | 
divided by two inside partitions into three | 
equal parts. Doors are placed in all four walls, 
so that itis actually a double lock permitting 
entrance from either end. ‘The doors them- 
selves are 36 X 3lin. and make an air-tight 
joint by means ofa continuous washer of rubber 
secured by an 1} X }in. iron band bolted to 
the door, which is made of in. plate iron. 

The hinges of these doors are deserving of a 
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Nebraska Engineers and Surveyors. 





The Second Meeting of the Nebraska Asso- 
ciation of Engineers and Surveyors will be 
held at the County Surveyor’s office, (247 South 
1lth street,) Lincoln, Nebraska, beginning at 
4 o’clock p. m., Tuesday, January 13th, 1885. 

Several papers will be read and a full discus- 
sion had of interest to Engineers and Sur- 
veyors. a 

These, together with the opportunities for 
|meeting old acquaintances, as well as new 
| ones, will make the meeting a pleasant one 
for all. 

Certificates for round trip tickets at one and 
one-fourth fare, over the Burlington & Mis- 
souri River and Union Pacific Railroads, can 
be had by making application to the Secretary 
before time of starting. 








special mention, being so designedas t» permit 


a ready and even pressure from the com-| 


pressed air upon the surrounding rubber 
washer, and thus insure atight fit between the 


J. P. Walton, County Survgyor, Lincoln, 
Neb., is the Secretary. 
SRE eel 





door and the lock wall. Tothis end the door 
is hinged at the middle as shown. instead of to 
one side as 1s usual. 

In filling the cylinders with concrete. this 
double air-lock proved very serviceable. The 
concrete was passed into one lock as it was 
being removed from the other; thesupply was 
‘hus continuous and almost equalled in volume 
shat sent in by an ordinary supply shaft. 
When the concrete reached the central lock it 
was shovelled down a tube inthe vertical shaft 
and then by an open trough it passed to the 
bottom of the of the 8 ft. cylinder and was dis- 
tributed and packed. 

The cutting out of the masonry in the main 
abutment and the refilling with concrete was 
very nearly all done under air-pressure. Four 
feet of the vertical shaft, leading to the air- 
lock, is left finally in place and is filled with 
concrete. 


The interior of the cylinder,as well as the 
compressor house, is lighted by the incandes- 
cent Edson electric light. wichh is advan- 
tageous in furnishing the maximum of light 
with a minimum of heat, a very important 
consideration to the worker in compressed air. 
At this date one cvlinder is in place and filled 
and the second one is being completed. We 
will note any further development of this in- 
teresting work as it may occur. 





MM. H. For and E Tarastn have ascertained 
that sunlight penetrates the waters of the 
lake of Geneva to a depth of 170 meters, where 
the luminosity is about equal to that of a clear, 
moonless night. 


|Connecticut Civil Engineers and Surveyors 
Association. 


| The First Annual meeting will be held at the 
| rooms of the Stationary Engineers Association, 
| 87 Church Street, New Haven, Tuesday, Janu- 
| ary 13th, 1885. 

Headquarters at the Tontine House, Church 
Street, opposite the Public Square. The pro- 
| gramme is as follows: 
10 a. M.— Business meeting. Annual reports. 

Election of new members. Election of officers | 
for the ensuing year, amending constitution 











ete. 2 p. m.—Discussion of the following 
topics: 1. New England Rural Land Survey- 


ing. Opened by a paper presented by W. E. 
| Pettee of Lakeville. 2.—Dams. Opened bya 
paper to be presented by B. H. Hull of Bridge- 
port. 3.—Staking-Out Frogs and Switches. 
Opened by notes to be presented by William 
G. Smith of Waterbury. 4.—Transit survey- 
ing. Opened by practical suggestions on the 
subject by E. P. Augur of Middletown. 5.— 
The Bristol Water Works. Described by R. 
D. Barnes of Bristol. 

7 p. m.—Discussion of the Sewer Appurte- 
nances in use in different parts of tae State, by 
C. A. Ferry of New Haven, C. H. Bunce of 
Hartford, F. F. Weld of Waterbury, E. P. 
Augur of Middleton, William B. Ryder of 
South Norwalk, H. 8. Whipple of Birmingham, 
C. E. Chandler of Norwich. and others. 

Arrangements for reduced rates at the Ton- 
tine House have been made, and it is hoped as 
it is expected, that there will be a large attend- 
ance at the meeting. Those intending to be 
present at the meeting should address as early 
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jas possible, D. C. Sandford. Asst. Secretary, 


New Haven, Ct. 

The officers of the Association, are President, 
B. H. Hull, Bridgeport; Vice Presidents, A. 
W. Rice, New Britain, H. J. Kellogg, Water- 
bury; C. E. Chandler, Norwich, D. C. Sand- 
ford, New Haven; Treasurer, D.S. Brinsmade, 
Birmingham; Erecutive Committee, B. H. Hull, 
Bridgeport, C. H. Bunce, Hartford, E. P. Au- 
gur, Middletown, C. M. Jarvis, East Berlin, N. 
J. Welton, Waterbury; Commttee on Member- 


ship, T. H. McKenzie, Southington, H. G. 
Loomis, Hartford, Sylvanus Butler, New 
Haven. 

rh -- 


Indiana Surveyors and Engineers. 





The Fifth Annual Meeting of the Association 
of County Surveyors and Civil Engineers of In- 
diana, will be held at the office of the County 
Surveyor, at Indianapolis, commencing at 2 
o’clock p. M., Tuesday, January 20th, 1885. 

The subjects of Land Surveying, Drainage, 
Gravel Roads, Bridges, and other important 
subjects will be discussed. 

The Legislature will be in session, with 
strong probability of some radical changes in 
the laws relating to Drainage, Gravel Roads 
and Surveyors’ duties. The fee bill will, 
doubtless, also be overhauled. 

Commissioners of Drainage, Manufacturers 
of Engineers’ Supplies, Bridge Builders, Con- 
tractors, and all others interested in the pro- 
fession are cordially invited to attend and 
bring anything that will be of interest. 

Lewis 8. Alter, C. E., of Remington, Ind., is 
Corresponding Secretary. 

a 


THE project of constructing a storm sewer 
for the relief of what are known as “the 
flooded districts’? in Brooklyn, at a cost of 
nearly a million dollars, has been abandoned, 
at least for the present. The Corporation 
Council, in a long opinion furnished to the 
Board of Aldermen on the subject, while hold- 
ing that the money raised by city bonds, 
before the constitutional amendment limiting 
the indebtedness of cities goes into effect on 
the 1st of January, could be used to complete 
the work of building the sewer, fears that a 
different interpretation might be put upon the 
law by the courts, and that complications 
might arise therefrom which he deems it 
safest to avoid. The whole subject was 
thoroughly discussed at a conference between 
Mayor Low, Corporation Counsel Taylor, Chief 
Engineer Van Buren, the Controller, and City 
Works Commissioner Fleeman, and it was 
then resolved not to involve the city in the 
complications, which, these gentlemen be- 
lieved, would certainly arise if an attempt 
were made to enter into a contract to have the 
work done at this time. 
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B. & O. R. R. Bridge, Havre de Grace, Md. 
Location, Profile and Soundings. 


BY COL, WM. M. PATTON, ENG., IN CHARGE, 


After running several preliminary lines for 
the location of the Susquehanna bridge, of the 
B. & O. R. BR. Co., Col. H. T Douglas, Chief 
Engineer of the Philadelphia branch, decided 
upon a line a short distance to the north 
of the bridge crossing of the Phila. Wilmington 
& Baltimore R. R. at a point where the river 
is divided into two channels by Watson’s 
Island. A line further north still, though 
favorable as far as the cost of constructing the 
bridge was concerned, was rejected by reason 
of the unfavorable configuration of the ground 
in the shore approaches; requiring deep cut- 
ting, or tunnelling on the west side, or very 
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| pressed one foot into the bottom of the hole 
and the soil was brought up as it originally ex- 
isted, showing the composition and stratifica- 
tion, if any, exactly, instead of exhibiting 
merely a mixture of the materials as in ordi- 
nary test borings. These samples were then 
forced into cylindrical glass tubes—lamp 
chimneys—and after the lapse of a year still 
| retain their original moisture, the ends being 
sealed with a gum cloth. 

Owing to the lay of the rock, as shown on 
diagrams “E’’ and‘“‘F,” it was determined 
to level this rock by submurine blasting before 





high embankments, or equally deep cutting on | 


the east. A line south of the present location 
would necessitate very high embankments on 
the west side, or a draw-spanin the bridge at 
a low elevation, and deep cutting on the east 
shore. 

‘The rapid dip of the rock southward, as in- 
dicated by the borings, was a more powerful 
factor still in the selection of the present lo- 
cation as the best under the combined cir- 
cumstances. Full and careful borings were 
made by the author over the sites of the 
present piers, the results being shown on the 
accompanying diagram. Inthe west channel 
all previous borings indicated a generally 
level surface and only three borings were made 
at the site of each pier. Butin the east channel 
such great and peculiar irregularities were dis- 
covered that a number of borings were made, 
and, as aresult of the investigation, the piers 
inthe east channel were moved westward. 
The general accuracy of these test borings has 
been proven by the work since done. 

The borings were made by Mr. J. E. Robin- 
son, of Baltimore. In-making them a pipe 
1iin. diameter was first pressed a few feet into 
the mud, and inside of this was placed a jin. 
pipe with a chisel-shaped end, having in it 
two small side apertures. This inner pipe was 
then connected by a hose to asmall pump, and 
water was forced through it, issuing from the 
openings with great velocity, and cutting out 
the material and, when not too sandy, raising 
this tothe surface in the space around the 
central pipe. In a sandy soil the water 
escaped laterally at the bottom of the tube, and, 
as no material was raised the downward pro- 
gress was slow. Rock was indicated only by 
the inability to forcethe pipe farther. In other 
materials the hole made remained intact, and 
at depth of 90 ft. the pipe could be easily lifted 
and let fall again; the rebound and peculiar 
ring left no doubt when rock was reached. 

In the east channel, at vertical intervals of 
5 ft., samples of the material were brought to 
the surface by substituting for the chisel end 
of the jin. pipea brass tube, and then replacing 
the pipe in the hole; the fact that the hole re- 


mained perfect was indicated by this rod touch- | pipe 11 ft. above the river surface. This gas 


ing bottom at the same depth as had previ- 
ously been attained. The brass tube was then 
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DIAGRAM OF SOUNDINGS. 
attempting to sink the caissons. To this end 
a 4in. pipe was sunk, by pumping, tothe rock, 
and a heavy charge of dynamite was inserted, 
and fired by electricity. The result was un- 
satisfactory, and drilling into the rock was 
next attempted, but the rock was so hard that 
little progress could be made with a steel drill 


| attached to 90 ft. of iron pipe and falling 6 to 


sft. When the engineer was on the point of 
trying the diamond drill, orders came from 


| headquarters to suspend these operations and 


blast the rock when it was reached by the 
caisson. The subsequent baring of the rock 
convinees the author that the original surface 


| blasting would have resulted satisfactorily, as 





\this rock has been found very irregular, with 


high points rising here and there, with almost 
vertical faces. 

During the boring operations frequent 
pockets of gas were tapped, with a tension suf- 
ficient to support a water column rising in the 


was lighted on more than one occasion at the 
top of the pipe and burned for a considerable 
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time. The presence of this accumulation of 
gas inthe bottom material, of course, gave 
rise to considerable uneasiness, as there was 
the possibility of an explosion in the caisson 
during the sinking. But as the fact became 
apparent that when gas was tapped none was 
found in another hole only afew feet distant, it 
was evident that no large reservoir of gas was 
to be feared. It only existed in pockets, where 
it accumulated until the pressure was sufficient 
to overcome the surrounding resistance and 
escape to the surface in gas bubbles. No in- 
convenience was experienced in sinking the 
caissons, from this cause. 

The material passed through varied so much 


| from point to point as to require more than a 


passing notice. The acvompanying protile 
shows depth of water and of solid material at 
the center of each pier, and the length of 
spans. Atthe center of Pier No. 2, we tind 
10.88 ft. of water and 56.55 ft. of sand and silt, 
in alternate layers, sometimes mixed, with the 
sand both in separate layers and as a compo- 
nent part of the mixture largely in excess. 
Below this formation was a mass of large and 
small boulders of an undetermined depth upon 
which the caisson rests. At the center of Pier 
No. 3, we find 12.17 ft. of water and 58.72 ft. of 
sand and silt corresponding in every respect 
with the strata at Pier No. 2, the caisson here 
likewise resting upon the boulder formation. 
At Pier No. 4, are 28.78 ft. of water and 32.26 ft. 
ofa eee silt with little or no sand, and 

ers overlying,jthe bed rock, which 
supports the caisson. In the east channel, 
Pier No. 8, has 28.95 ft. of water and 55.25 ft. 
bocom pact silt with little or no sand and few 
veulders overlying the rock. The bed rock is 
l2ry irregular, differing by as much as 8 and 
bft. over limited areas, with, no gradual slope, 
ut abrupt changes of level. At Pier No. 9, we 
find 41.17 ft. of water and 32.59 ft. of compact 
silt with little or no sand, corresponding in 
every respect with the formation at Pier No. 
8, excepting only that in the latter pier a thin 
layer of clean sharp sand was found immedi- 
ately on the rock, and in Pier 9, layers of quick- 
sand were found at varying heights, which gave 
considerable trouble. The rock at; Pier No. 9, 
varied as much as 18 ft. in elevation under the 
caisson. 

The solid material under Piers 4, 8 and 9 was 
composed of a compact, air and water tight 
mass with few or no boulders; under Piers 2 
and 3 this formation was largely sand with a 
thick bed of boulders overlying the rock. At 
the first named piers we have the greatest 
depth of water and the most rapid current; at 
the last a comparatively small weter depth 
anda slow current. Asall this matter is of 
recent formation it seems that the deposit 
should have been in exactly the reverse order 
to that actually existing. 

The length of ey is as follows :—Between 
west abutment and Pier No. 1, 212ft. iron via- 
duct; Piers No. 1 to No. 2,a480ft. deck span; 
Piers 2 to 3, a 480ft. deck span; Piers 3 to4,a 

ft. deck span ; Piers 4 to 5, a 520 ft. through 
span; Piers 5 to 6, a 480 ft. deck span; Piers 6 
to 7, 1941.15 ft. of iron viaduct on masonry 
destals; Piers 7 to 8. a 38uft. deck span; 

ers 8 to 9, a 520 ft. deck span; Piers 9 to 1t, a 
380 ft. through span; Piers 10 to11 a 200 ft. deck 
span, and between Piers No. 11 and the east 
abutment an iren viaduct of 242ft. The total 
length ofthe structure is thus 6,315.15 ft. be- 
tween abutments. When we take into con- 
sideration the great number of unusually long 
spans, the number and depth Of the founda- 
tions, and the short time in which these 
foundations have been putin place, this bridge 
ranks among the most difficult and im; ortant 
structures in this country. 
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THE HISTORY AND STATISTICS OF 
AMERICAN WATER-WORKS. 





BY J. JAMES R. CROES, M. AM. SOC. C. E. : M. INST. C. E. 
(Continued from page 250 Vol. XIT,) 
DCC, ASHEVILLE, N. C. 


Asheville, Buncombe Co., North Carolina, 
in lat., 35° 30’ N. long. 82° 25’ W., is on high 
ground 2,250 feet above sea level one mile 
from the French Broad River and two miles 
from the Swannanoa River, both of which flow 
through valleys 250 lower than the the town, 
which is surrounded by mountains from 300 
to 4,500 feet higher. 

The town was settled and incorporated in 
1795. Waterworks were built by the city in 1883, 
after plans of A. Seversedge, C. E., and under 
superintendence of T. W. Patton, taking the 
supply from springs and streams about three 
miles from the city. The available watershed 
is 20 square miles. The water of each spring 
or stream is received in a brick chamber, from 
which it flows into the conduit which is of 
six inch earthenware pipe, and extends two 
and a half miles. At distances of 1,000 feet 
apart along this line, brick silt chambers are 
constructed, with blow-offs and overflow weirs. 
The pipe terminates in a reservoir excavated 
in rock and lined with cement, containing 
500,000 gallons at 150 feet above the city. Dis- 
tribution is by 14 miles of cast iron pipe of 10 
to 4 inches diameter with 5 fire hydrants. 
The number of taps is not stated; nor the 
daily consumption. The streams yield about 
15,000 gallons a day. The works have cost 
$12,000. They are controlled by a Committee 
of the Trustees. T. W. Patton is the Secretary 
and Superintendent. The population of the 
city in 1889 was 2616. 


DCCI, ATHENS, GA. 


Athens, Clarke Co., Georgia, in lat. 33° 50’ 
N., long. 83° 30’ W., is on the Oconee River in 
a hilly district. It was settled about 1810. It 
is the seat of the University of Georgia and 
the State Agricultural College. 

Waterworks were built by a private com- 
pany in 1883, taking the supply from six 
springs issuing from sand rock, the water 
from which is pumped by two Blake pumps 
into an iron tower 18.5 feet in diameter, and 
100 feet high. Distribution is by 7 miles of 
cast iron pipe, with 50 fire hydrants and 65 
taps. There are 2 meters. Service pipes are 
of wrought iron. The town pays $60 per year 
for each hydrant. The daily consumption is 
50,000 gallons. The works cost $75,000, which 
is the amount of the bonded debt at 5 per cent. 
Charles H. Leddie is the Chief Engineer, and 
M. H. Malon the Superintendent. 


DCCII, BAINBRIDGE, N. Y. 


Bainbridge, Chenango Co., New York, in 
lat. 42° 15’ N., long. 75° 45’ W., is on undulating 
ground in a rich agricultural region. Water- 
works were built as a private enterprise in 
1883 by J. W. Roberts, taking the supply from 
Artesian wells and springs, the water from 
which is pumped bya windmill. Distribution 
is by five miles of wrought iron pipe, with 20 
fire hydrants. The number of taps and the 
consumption were not given. The village pays 
$300 a year for hydrants. The works cost 
$18,000. The bonded debt is $10,000 at 6 per 
cent. The yearly expense of maintenance is 
$400, and the revenue $1,400. The population 
in 1880 was 781. 


WATER. 
PHILADELPHIA Councils, on Dec. 23, passed an appro- 
priation of 849,298, for the Water Department. includ- 


ing the increase of the salary of Chief Engineer Ludlow 
to $10,000 per annum. 


At Hiawatha, Kansas, while boring for an artesian 
well, a strong vein of salt water was struck. It is said 


to carry 20 per cent of saline matter. The great salt 
wells of New York and Michigan carry only from 13 to 


16 per cent.— Globe Democrat, 










































AMERICAN CONTRACT JOURNAL. 


HoveGarTon, Wis., has a system of water-works. 


THE pump-works of B. G. McDonald of Dubuque, Io, 
shut down on Dec. 22. 


Tue Lake Supertor News says that the Duluth water- 
works have already saved from destruction property 
enough to pay for them twice over. 


THE councils of Minneapolis, Minn., are discussing a 
suit against the city by the Minneapolis Mill Co,, for 
$11,800, for power furnished for running the water- 
works. The suit is for a surplus of power over the 
original contract. 


THE water commissioners of Taunton, Mass., haye 
determined to reprint their reports from the beginning: 
They will be furnished to any engineer or superin- 
tendent of water works who may apply for them to 
Wm. R, Billings, Clerk and Superintendent. 


Tue City Councils of Charleston, West Virginia, have 
granted to E. R, Davenport and associates a 30 year 
franchise for a water works. The works to be com- 
pleted Jan 1, 1886; the city is to pay $50.00 each for hy- 
drants,and have the privilege of buying the works 
after 20 years. Over 10 miles of Kalamine pipe will be 
used. 


ACCORDING to a note from Francis 8. Pecke. Engineer 
and Superintendent of the Jermyn, Pa., water-works, 
all work is now suspended forthe season, There are 
2%in. of frost in the ground. The main is laid and 
tested, in its entire length of 21,857 ft,; 3,600ft. more of 
4in. pipe is to be laid in the spring. 


Amon the last inventions reported from Australia is 
a machine for producing rain storms. It is intended 
to force a rain supply from the clouds during a period 
of drought. The apparatus is inthe form of a balloon 
with a charge of dynamite attached underneath it. The 
balloon is to be sent into the clouds, and when there the 
dynamite is to be fired by a wire connecting it with the 
earth. A trial of this novel contrivance is to be given 
upon the dry districts of New South Wales, and the re- 
sult is looked forward to with interest by some of the 
residents of that colony. 


Boston New Hicu Service Works.—The City Coun- 
cil of Boston have passed an order authorizing a loan of 

766,000 for the construction of new high service works 
in thatcity. The works to be built comprise a pumping 
station at Chestnut Hill Reservoir, containing two en- 
gines of five and ten million gallon capacity per twenty- 
four hours; a reservoir, 120 feet above the pumping 
station, holding 15,000,000 gallons, and four miles of 
force and supply mains. Between two and three years 
will be required for thecompletion of this work, which 
will be commenced during the coming year. 


NEW 





S OF THE WEEK. 


Contracting. 


The National Tube Works, of McKeesport, Pa.,— 
are stated by the the general manager to have shut 
down only for repairs, as is usual at this season ; they 
will be reopened early in January. 


H. 8. Hopkins & Co.—bridge builders of St. Louis 
have made an assignment to Joseph Dixon. The firm 
had just completed a $350,000 bridge for St. Louis. The 
liabilities are far in excess of the assets. 


Duluth Items.—The total length of street improve- 
ments for the past year has been 12,318 feet or two and 
one-third milesand the cost has been $31,676. During 
the present year there have been built 26,840 feet of side- 
walks or a fraction over five miles, Cost of same has 
been $6,604. 


APipe Line.—Younastown (0.) capitalists are con- 
sidering the advisability of building a pipe line from 
Butler County, Pennsylvania, to that city, to furnish 
manufacturing establishments, business houses and 
residences with natural gas a fuel. 


Union Depot, Dayton Ohio.—Tue Union Depot 
which the Cincinnati, Hamilton, and Dayton, the Pan- 
handle and the Clevelane, Columbus, Cincinnati and 
Indianapolis Railways have agreed to build at Dayton, 
Ohio, will cost $1,000,000. Other roads centering there 
can be either renters or stockholders, as they may elect. 


Japanese Labor.—Ortawa, Ontario, Dec. 26.—Five 
hundred Japanese are being brought over from Japan 
to work on the railroads in course of construction in 
British Columbia to take the place of Chinamen, 
Within the past few weeks there has been a consider™ 
able exodus of Chinese to their own country, One 
steamer alone took several hundred last week. 


Brooklyn Storm Sewers.=A communication was re- 
ceived last week by the Brooklyn Board of Alderman 
from Engineer Emory, representing the owners op- 
posed to the plans prepared by the Board of City Works 
for the construction of the relief storm sewers, Plans 
were received from Mr. Emory, and the whole matter 
was referred to a special committee, with instructions 
to confer with City Works Commissioner Fleeman’ and 
Chief Engineer Van Buren, and report back what ac- 
tion it is necessary forthe Common Council to take in 
the matter. 









A 20,000,000 Contract.—Burenos Ayres, Dec. 25, via 
Galveston.— According to the terms of the contract for 
the construction of a port here at a cost of $20,000,000, a 
second canal will be made in the roadstead. It wil) 
be 15 Kilometers long and 21 feet deep. A dock will also 
be constructed in front of the city. The contract has 
been signed, but has not as yet been made public. 


New Work in St. Louis.—The Board of Public Im- 
provements of St. Louis ordinances making additional 
appropriations for the reconstruction of Elm Street 
from Broadway to Seventh street; to partially Improve 
Davis street between Broadway and Ivory avenue; to 
establish Branch Street Sewer District No, 19,and to 
construct sewers therein; to establish Grand Avenue 
Sewer district No. 18, and to construct sewers therein; 
to establish South Mill Creek Sewer District No. 8, and 
to construct sewers therein; and to establish Joab 
Street Sewer District No.8, and to establish sewers 
therein, 


Duluth Elevators.—DvuLUTH, MINN... Dec. 23,—At a 
meeting of the stockholders of the Lake Superior eleva- 
tor company, heldin this city yesterday, it was defi- 
nitely decided to build another elevator at Duluth for 
the business ofthe coming year, with a capacity of 1.500- 
00 bushels, and it is understood that the Union Im- 
provement and Elevator company will also build 
another 1,000,000 bushels capacity. The erection of 
these elevators has been rendered absolutely necessary 
by the proportions which the grain trade at Duluth has 
now assumed, and by reason of the fact that trade is 
increasing so rapidly that large transactions now take 
place on change daily and many new members have re- 
cently joined the Board of Trade. That Duluth is rap- 
idly coming to the front as a trading wheat market is 
shown by the fact that during the past season she 
shipped very nearly, if not quite as much, wheat as 
Chicago, and that she already has in store for winter 
storage 4,500,000 bushels, and will have 6,000,000 bushels 
in store by next spring. The capacity of Duluth eleva- 
tors, when the new houses are completed, will be 
8,7000,000. 


Railroads, Bridges and Canals. 


Milwaukee, Lake Shore & Western R. R.—Twenty 
miles have been graded east from Ashland for the Mil- 
waukee, Lake Shore and Western, while the force work- 
ing west have crossed the Montreal River.- 


The North Pacific R. R.—The Northern Pacific has 
only six miles more track to lay on its extension from 
Superior to Bayfield. Itis thought trains will be run- 
ning before January 1. 


For best Section of Road.—The Panhandle Inspect- 
ors have awarded t° Supervisor McNamee, the first 
prize for best section of track, from Bradford Junctfon 
to Richmond, Ind.; Supervisor Burrgess has the second 
prize, for track between Cambridge and Indianapolis. 


The Lachine Bridge.—MonTREAL, Dec. 25.—General 
Manager Van Horne, of the Canada Pacific Railway 
says that the arrangements for the Lachine bridge are 
not far enough advanced to talk of a contract. Funds 
are wanting for this and other parts of the Canada 
Pacific Read, and until the bonds of the Ontario and 
Quebec Railway are floated, there is no hope for the 
Lachine bridge ora loop line from Smith’s Falls to 
Montreal. 


The Panama Canal.— Panama, Dec. 16.—It is reported 
here that when the time of Mr. Dingler’s contract with 
the Canal Company expires he will withdraw from the 
work of construction. Lieut. Napoleon Bonaparte 
Wyse is spoken ofas Mr. Dingler’s successor, 

Among the recent deaths by yellow fever is that of 
Mr, Haubert of the Canal Compeny. Mr. Haubert was: 
the eleventh victim of yellow fever out ofa party of 
thirty-three new comers that landed on the Isthmus 
with Mr. Dingler on Oct. 28, 1883. 

The Canal Company is advertising in Jamaica for 
40,000laborers. Mr. Deuillot, acousin of M. de Lesseps . 
is now in Mexico trying to hire 15,000 Mexican Indians 
to come to the Isthmus, 


Mexican Central.—Boston, Mass., Dec. 22.—In acir- 
cular to the stockholders issued by the Mexican Central 
Railroad Directors, a proposal is made whereby the de- 
ficiency of about $3,000,000 may be met, one feature of 
the plan being the issue of debentures of $1,000, bearing 
10 per cent. interest, dated Jan. 1, 1885, and payable 
April, 1, 189%. The proposalisas follows: For $900 in 
cash, payable in 20 per cent. installments, the company 
will deliver seven shares of capital stock at its par 
value, $100 per share, $200 in its 3 percent. income bonds, 
(scrip being given for fractions.) and $1,000 in its 10 per 
cent. debentures above described. The Directors ex- 
pect to raise $2,700,000,000 under this circular,and if their 
expectations are met all the floating indebtedness will 
be paid and the company will have in its treasury over 
$500,000 cash, $3,000,000 first mortgage bonds, $200,000 
income bonds, $1,000,000 stock, and $4,000,000 subsidy 
certificates. 


A New Canadian R. R.~—Application will be made to 
the Canadian Parliament, by the Cleveland Steam Nav- 
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igation Co,, of Detroit, for a charter to build a railway 
from some port at or near Windsor to some port on 


Lake Erie. Market Report of Engineering Materials. 


The New London Bridge.—The N. Y. Providence New York, January 3. 1885. 
& Boston RB. R., and the New York & New Haven R. R., | QNovre.—The ‘foliowing Market Report gives wholesale prices on the New York Market unless otherwise stated. It is intended as a 
are still fighting about dividing the cost of building the | eeneral guide to the estimating engineer, and both the range of material and the market location will be extendedjas rapidly as possible 
above bridge across the Thames River; the amount, We give it with this caution, that, as is well understood in business transactions, the amount of bill. distance from market centre and 
including land damages, is 1,500,000, For the present conditions of payment will have a material inflaence on the final paying prices. 


the project is abandoned, and will hardly be resurrected 


until the first named road is ready to foot the total bill. | | 
STRUCTURAL [non, 


‘ : Angles... Acbekastr a3, @ 
Air Tubes Instead of Bell Cord.—The Pennysivania | Bridge plate.. 


Railroad Company, after an experiment covering nearly Tee ‘ 2.8, @ 
eight months with the new patent of communication * Beams und - hannels oe ao @ 2% 
between passenger cars and the locomotive by means| Shell....... se se aXe. Pa 
of air tubes instead of bell cord, has finally adopted | Steel plates, Tank.. eeeeeeees | ae, @ she. 
the system permanently. It is being used with satis- waver i See Se et ee 45 per gent. 
faction on many of the trains. galvanized....... m 
Lap welded black. 

A New York Cable Railway Co.—Thos. C. Platt] pojior tubes ees 
and others entered a certificate of incorporation, on } Rars. 
Dee. 16, forthe New York, New Jersey and Pennsylvania | Steel (large lots at mitt). $27 @B 
Cable Co. It has for its professed object the propelling gia a: vaile....... pe eg ttt wees 2 Oe Br ee Reese os oa 3 v 
of railway cars by the inventions of Almerin H. Light- | R. R. spikes........- ev evcel 2c, 
hall, Capital stock $5,000,000. The real object is said to | K. BR, splice-plates.. 1.65¢,@ 1.750. 


be the operation of cable railways in New York City. Barb-wire fencing, galvanized oe 


Corrugated tron. 
Chesapeake & Nashville R. R.—R. L. Williams, 
Assistant Engineer reports that parties are running \Cargoes afloat) 
over the line partially completed between Gallatin and Haverstraw Ist r M. okt 6.50 
Heottaville, Ky. Parties are actively securing right-of- and oA . a 
way between Gallatin and Nashville. The money is eee aon f — 
raised to make the surveys between Gallatin and Car-| Jorseys.......cccccccevcccscccceececceccteeceueucceenssees ees | i 5.50 


thage, Tenn. Long Island ; 5. = 


FRONTS. 
No more Pay-cars.—It is reported that both the| ¢ roton red. 


West Shore and Erie Railway Companies are aboutto 
" : " : . srown., 

adopt a new system in paying their old employes which Philadelphia pressed | 23) 25.00 
will entirely do away with pay masters ard pay cars.| Trenton . 23.00 
thus saving alarge item of expense. The plan is to poymore * 35, Zio 
send the vouchers of each employe from the general Fnamele ark nalish ‘ ¢ 130.00 
office monthly to the station agents, from whom checks American ¥ @ 120.00 
will be received by each man. it Meatiaks xi. 40s unenede shee cAe Gees nseche Satins : @ 35.00 


CEMENT. 


New Bridge in the Mississippi Valley.—VICKSBURG, | port LaNp. 
Miss,, December 21.—The new iron bridge on the Louis- Robins & Co., Extra English 425 Ibs 
ville, New Orleans and Texas Railroad over Big Black — English 400 Ibs 
River, about twenty miles below this city, was com Rochester Castle ‘ 
pleted yesterday. It was tested to-day, and the first J.B. White & Bro. 
train will pass over to-night. The bridge is a fine| Other brands, 
‘ Keene 8 fine 

structure, 300 feet long. It cost $16,000, and was built by course 
the Phoenix Bridge Co., of Phoenixville, Pa. Roman .. 

Dye kerhofr, 

Star, 


A $2,000,000 Decrease..— PHILADELPHIA, December | Alsen. - 


21.~The statement of business of all the lines of the Hanover 
Pennsylvania Railroad Company east of Pittsburgand Cmner brands. ee 
Erie. for eleven months of 1884, compared with the ne ereneer LS aEe Pauw oane te Caer iReuh ade werean Taek 
same period of 1883, shows a decrease in net earnings of 

#1,200.00, / 11 the lines west of Pittsburg and Erie for LIME, 

eleven months of 1844 show a decrease, compared with Rockland common per 

the same period of 1883 of $1,046,808 finishing 


Glensfalls, common 


, : wointing 
New Enterprises.— Massacnvuszrts.—A street rail-| Kingston, ground 


way is projected to connect Brockton with North Easton. 
r +6‘ miles g. 0. E. s P.K 
It willbe 645 miles long. Geo. E. and Rufus P. Keith, of Cargo rates at New York: 
Brockton, are leading stockholders. Amherst freestone, No. 1 per cub. ft 
Georaua.—The Rome Street Railroad Company, No, 2 
Rome, Ga., has been incorporated. Merlin os Hat drab 
ALABAMA,—A street railroad will be built at Mont-] Berea ‘ 
gomery. T. Gardner Foster, of Montgomery, is inter-| Brownstone, Portland, Ct. 
ested in the project. . Belleville, N. J. 
. i - Granite, rough 
Tex as.—The Queen City Railroad Company has been | Common building stone per load . 
organized at Fort Worth, Texas, to build a street rail- | Base stone, from 24s to 6 ft. lengths, per lin. ft 
road. The Brenham Street Railway Company has been SLATE. 
chartered at Brenham. Purple roofing per square 
INDIANA,—The South Bend & Mishawaka Street Rail- — 3 
’ > ‘ ? - . » i > ae 2 m 
way ( ompany, W hich has a capital of $100,000, has fled Biack Penna. (at New York) 
articles of incorporation with the Sectetary of State 
The directors of the companyare Edward B. Dikeman uu Ts 


Perley H. Brown, Jeremiah W. Boynton, J. H. Knight rape. Gohan box 


and John Lyons. Tally plank, 1% in 
Tne Riverdale & Lake Michigan Railroad company} Tally boards, dressed 
has filed articles of association with the Secretary of Plank. i ain’ 8 dressec 
State, This road is to a standard gauge from Riverdale ain. 
to Hartford, a distance of 116 miles. The incorporators Ti s 2 in. dressed 
ofthe above named railroad will also build the Ohio & tie ack. Boards 
Central Michigan railroad, to run from Coldwater south Joist, 245 < 4to4&6in 
to the State line. Oak ’ 
CYPRESS 1, 14s, 2. and 24s in 
The Keystone Bridge Works.—PrrrspurG, Penn., iw = Girders 
6h : i Nal a ressed floorin 
Dec. 20, “The sudden suspension of the Keystone | guinares, Extra A aved pine, 18 in. 
Bridge Works, on Saturday, was fully explained this | “sawed 18 i 
morning by astatement which has been verified, that Lata, Cargo rate 
serious differences of opinion existed between the | 
: , PAINT. 
stockholders of the corporation. It is known that Pres-| Lead. white American dry per Jb, 
ident Gottlieb and Secretary and Treasurer Strobel; — |” in oil pure 
were both opposed to the proposed reduction, and re- English. B. B. in oil 
i . . | Red, American 
signed, and on Saturday A. R. Griffin, of Chicago, was! [Litharge 
elected President, and J. H. Springer, of this city, Gen- —— goa. American 
sral S ari » . ks ‘ - nadian rec 3 
eral uperinte ndent. The works. as now organized, Vermillion, American lead 
will resume in a week if the workmen accept the re-) paris green 
duction ordered. The works have contracts for nearly! Umber, Amer. raw and powdered 
a year, Including the Baltimore and Ohio Railroad) Drop blae sts -pechintacbancooneecapcmiasabasimnbisaniap Ramana paar 
Bridge over the Susquehanna River, a bridge for the) Chrome green 
Louisville and Nashville Road, and a pivot bridge for) Oxide zinc, American 
the Wabash Road, the contracts for which were made | 
pefore a serious depression in business occurred, 
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